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INTRODUCTION 
Development of surgical techniques for collecting lymph has ad­
vanced rapidly in recent years. Techniques have been developed for re­
turning lymph to the body. But still many preparations do not remain 
patent long enough .to allow the animal to fully recover from surgery be­
fore lympHatitf'physiology is studied, cOne of the major problems in main­
taining lymph shunts is in establishing a return catheter that will re­
main free of clots. 
The thoracic lymph duct in the adult rat was first cannulated over 20 
years ago and lymph collected by allowing it to drain from the animal. 
Due to the high rate of lymph flow in young calves one is unable to col­
lect lymph for long periods of time without some provision for replacing 
body fluids. Most lymph collections in calves have been made for only 
several minutes and these values used to extrapolate to longer term flow 
rates. 
The lymphatic system plays a major role in lipid absorption and in 
protein transport from the extravascular fluid to the venous system. 
There is a paucity of information on lymph flow, lipid absorption, pro­
tein transport, and the relative contribution of intestinal duct lymph 
to thoracic duct lymph in young calves fed hay and grain or whole milk. 
The objectives of the present studies wefe^W 
(a) improve the techniques available for cannulation of the thoracic and 
intestinal lymph ducts in calves to provide a preparation that would 
remain functional for a prolonged time with a minimum of maintenance, 
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(b) develop techniques for continuously collecting lymph while main­
taining body fluid balance, and 
(c) compare lymph flow rates, lipid absorption, and protein transport 
from the thoracic and intestinal lymph ducts of calves fed hay and 
grain or whole milk. 
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REVIEW OF LITERATURE 
The study of lymphatic physiology has advanced rapidly in recent 
years due to the development of satisfactory techniques for collecting 
lymph. Cannulation of the thoracic duct has enjoyed the greatest popu­
larity primarily because the thoracic duct is the chief collecting trunk 
of the lymphatic system, it is surgically accessible and the operative 
procedure can be readily learned. Moreover, the greater volume and more 
regular flow of lymph through the thoracic duct reduces the problems 
with lymph clotting in the collection catheter. Lymph flow from various 
regions of the body also has received considerable attention because of 
the development of collection techniques specific for those particular 
regions. 
Thoracic Duct 
Surgical procedures 
Bollman, Cain, and Grindlay (1948) described a technique for collect­
ing thoracic duct lymph from unanesthetized rats over periods of several 
days by fistulating the duct. This technique by its very nature pro­
duces an abnormal state of body fluid equilibrium through a constant loss 
of lymph, since no provision was made for its return. 
Brown and Hardenbergh (1951) were the first to describe a technique 
for sampling thoracic duct lymph in unanesthetized animals over a period 
of several days with minimal loss of lymph during this time. A lymph 
shunt was established by connecting a thoracic duct cannula to a venous 
catheter outside the body. To establish the shunt an incision was made 
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just medial to the left external jugular vein. The thoracic duct was 
isolated by blunt dissection and cannulated with polyvinyl tubing near 
the thoracic duct ampulla. A return catheter was inserted into the left 
proximal communicating vein and threaded into the left jugular vein. 
This general operative technique has been used to cannulate the thoracic 
duct of sheep (Schnappauf and Schnappauf, 1967), calves (Chanana and 
Cronkite, 1966; Joel and Sautter, 1963; Shannon and Lascelles, 1967), goats 
(Nickel and Wissdorf, 1966), and cows (Hartmann and Lascelles, 1966). 
As it is often difficult to cannulate the thoracic duct near the 
ampulla because of the many aberrant communications of the thoracic duct 
and right lymphatic ducts in this region, Cochrum, Okimoto, and Najarian 
(1968) produced a vein reservoir in goats. The left external jugular 
vein was ligated 4-5 cm above its junction with the right jugular vein. 
A second ligature was positioned at the junction of the left and right 
jugular veins creating a vein reservoir into which the thoracic duct lymph 
emptied. A silicone rubber catheter was then inserted into the reservoir 
and connected to a second catheter in the right external vein to complete 
the shunt. The vein reservoir eliminated the necessity of identifying 
and directly cannulating the thoracic duct. 
Cannulating the thoracic duct at the base of the neck has been the 
most popular approach but there are several disadvantages to this tech­
nique. First, there are many accessory lymph ducts and aberrant communi­
cations between the thoracic and right lymphatic ducts in this region 
making it difficult to cannulate the thoracic duct. Second, it is diffi­
cult to fix catheters in position in the mobile neck area. For these 
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reasons Lascelles and Morris (1961a) chose to cannulate the thoracic duct 
in the thorax of sheep. A thoracostomy was made over the line of the 8th 
rib on the right side. The thoracic duct was located on the right dorso­
lateral surface of the aorta and cannulated with Transflex tubing that 
had been coated with silicone. A paired duct was sometimes present on 
the left side of the aorta; it was tied off. The shunt was completed 
by passing a second catheter into the right external jugular vein. 
Although cannulation of the thoracic duct in the thorax did eliminate 
several problems associated with cannulation of the thoracic duct at the 
base of the neck, cannulation of the thoracic duct in the thorax is a 
demanding surgical technique. Provisions must be available to assist 
respiration while the thorax is open. Recently silicone rubber tubing 
has been used almost exclusively in lymphatic cannulation procedures. 
Fish et al. (1969) applied a Teflon tip to a silicone rubber tube to pro­
vide a rigid tube over which the thoracic duct could be securely fixed 
with ligatures without deforming the cannula. 
The main difficulty encountered in maintaining lymphatic-venous 
shunts is clot formation, usually occurring first in the venous end of 
the shunt (Brown and Hardenbergh, 1951; Joel and Sautter, 1963; Lascelles 
and Morris, 1961a). Brown and Hardenbergh(1951) attempted to prevent 
clot formation in the shunt by giving an anticoagulant subcutaneously 
at prescribed time intervals after surgery. Cochrum et al. (1968) and 
Lascelles and Morris (1961a) infused a solution of heparin in saline 
directly into the venous catheter. Schnappauf and Schnappauf (1967) 
collected thoracic duct lymph in an external reservoir, added heparin 
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to the lymph and then used a mechanical pump to transport lymph back 
to the venous system. Recently, Hargest et al. (1969) designed a thoracic 
duct cannula with an irrigatable tip. Irrigation is accomplished through 
a secondary catheter which intersects the main cannula at the tip. This 
design permitted the infusion of heparin into the lymph as it first enters 
the shunt. In an attempt to circumvent the problem of maintaining 
lymphatic-venous shunts, Kolmen (1961) returned thoracic duct lymph to 
the esophagus. Nelson and Swan (1969) catheterized the thoracic duct. 
This system allowed intermittent sampling, but not total collection, of 
thoracic duct lymph without the difficulty of maintaining a venous cathe­
ter. With all the improvements and modifications, clot formation is still 
one of the main difficulties encountered in maintaining a lymph collection 
system. 
Collection procedures 
Several methods have been used to collect and measure thoracic duct 
lymph. When the thoracic duct is fistulated, lymph is merely collected 
as it flows from the lymph cannula (Bollman et al., 1948). Brown and 
Hardenbergh (1951) and Lascelles and Morris (1961a) collected lymph from 
their animals by disconnecting the lymph cannula from the venous catheter. 
Lymph was collected for several minutes and the flow rate obtained used to 
extrapolate to longer term flow rates. They did not return the collected 
lymph to the venous catheter. Shannon and Lascelles (1967) also collected 
lymph for 2-3 min and their estimates for the average flow of lymph were 
derived from these collections. The coefficient of variation for 1-min 
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samples collected over 15-min periods averaged 14.2%. They observed a 
similar lymph flow when calves were standing quietly or resting in a 
sternal recumbant position. But lymph flow increased sharply for a 
period of 15-30 sec immediately after the animal stood up. For this 
reason, samples were collected when the calves were either recumbant or 
after the calves had been standing for at least 5 min. Joel, Sautter, 
and Perman (1967) continuously collected thoracic duct lymph from several 
calves for up to 24 hr to determine average lymph flow. To help main­
tain body fluid equilibrium, they used the venous catheter as a route for 
reinfusion of the collected lymph. 
Schnappauf and Schnappauf (1967) collected lymph in an external 
reservoir. When a certain amount of lymph accumulated in the reservoir, 
this volume was recorded. A pump was automatically turned on after the 
volume of lymph had been recorded and the lymph returned to the venous 
catheter. This automatic system allowed the authors to collect, measure 
and return lymph to sheep over a period of several weeks with little labor. 
Lymph flow 
The flow of lymph from the thoracic duct has been studied more than 
that from any other lymph duct, partly because of its size, which makes 
it relatively easy to cannulate, and partly because of its importance 
in the absorption and transport of lipid from the alimentary tract. It 
has been reported that the output of lymph/kilogram body weight is higher 
in the young than in the adult and that the lymph flow/kilogram body 
weight is greater in ruminants than in non-ruminants (Yoffey and Courtice, 
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1956). Thoracic duct lymph flow rates from calves have been reported to 
be 3.8 to 11 (Cook et al., 1969), 6.5 to 8.3 (Joel and Sautter, 1963), 
4.5 to 10 (Joel et al., 1967), and 9.7 (Shannon and Lascelles, 1968a) 
ml/hr X kg body weight. Thoracic duct lymph flow rates in cows, sheep 
and goats have been reported to be 4.2 (Hartmann and Lascelles, 1966), 
3.0 (Felinski et al., 1964) and 2.3 (Nickel and Wissdorf, 1966) ml/hr x kg 
body weight, respectively. The average thoracic duct lymph flow from a 
number of adult non-ruminants in about 2.0 ml/hr x kg body weight (Yoffey 
and Coùrtice, 1956). 
Shannon and Lascelles (1967) established lymphatic-venous shunts in 
milk-fed calves 4 to 7 days old to measure thoracic duct lymph flow. 
During anesthesia lymph flow varied between 60 and 120 ml/hr. Lymph flow 
increased during the first 24 hr after the operation, and by the second 
day had reached a mean level of 375 ml/hr which was maintained over the 
period in which the shunt functioned satisfactorily. When they compared 
once daily feeding with twice daily feeding of whole milk, little change 
was observed in lymph flow with time after twice daily feeding but a definite 
pattern of change was observed with once daily feeding.. There was a signifi­
cant increase (P<0.05) in the lymph flow between 3 and 4 hr and then a 
decrease (P4C0.05) between 16 and 20 hr after once daily feeding. When 
skim milk was fed (Shannon and Lascelles, 1969b) to calves lymph flow 
was significantly reduced compared with whole milk feeding. The variation 
in lymph flow after feeding was similar to that observed for calves fed 
whole milk. 
In another study Shannon and Lascelles (1968b) observed thoracic 
duct lymph flow rates in 1 to 6 day old calves. Thoracic duct to venous 
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shunts were established within 1 hr after birth and by 2 hr after birth 
flow rates were 300-450 ml/hr. The calves were first fed colostfum 
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about 3 hr after birth and by 8 hr after this feeding thoracic duct 
lymph flow had reached 850 ml/hr. The lymph flow then started to de­
cline gradually until relatively constant values were obtained 24 hr 
after the first feeding. There was a slower decrease over the subse­
quent 4-6 days until lymph flow reached a mean of about 400 ml/hr. 
Thoracic duct lymph flow in grazing cows varied markedly throughout 
the day but there was no consistent diurnal pattern (Hartmann and Lascelle s, 
1966). The average lymph flow from a dry cow was 1,370 ml/hr and from 2 
lactating cows 1,890 ml/hr. Diurnal variations also have been observed 
in thoracic duct lymph flow from sheep; the rate of lymph flow varied 
from 50 to 175 ml/hr (Felinski et al., 1964; Lascelles and Morris, 1961a). 
Although cannulation of the thoracic duct has enjoyed the greatest 
popularity, this procedure is not always appropriate for the study of 
lymphatic physiology of an individual organ. 
Regional Lymph Ducts 
Intestinal duct 
Lascelles and Morris (1961a) described a technique for establishing 
intestinal lymph duct fistulae in sheep. No provision was made for return­
ing lymph to the animal. Shannon and Lascelles (1968a) modified this 
technique to establish intestinal lymph duct to jugular vein shunts in 
calves. This modification kept lymph loss at a minimum. Intestinal 
duct lymph (8.25 ml/hr x kg body weight) contributed most of the total 
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volume of lymph which flowed from the thoracic duct (9.73 ml/hr x kg 
body weight) in calves (Shannon and Lascelles, 1968a). In sheep, lymph 
flow from the intestinal duct varied from 20 to 120 ml/hr (Lascelles < 
and Morris, 1961a). Felinski et al. (1964) observed that intestinal 
duct lymph flow from sheep was 80 to 100 ml/hr. 
Hepatic duct 
Hepatic lymph duct cannulae have been established in sheep (Lascelles 
and Morris, 1961a) and calves (Shannon and Lascelles, 1968a). Since 
there are several hepatic lynçh ducts, the largest was cannulated and 
the others were ligated. Recently Wang, Garo, and Yamazaki (1969) re­
ported a technique for establishing hepatic lymph duct to venous shunts 
in dogs. They catheterized the femoral vein as a means of returning 
hepatic lymph to the general circulation. Hepatic lymph flow varied 
from 6 to 15 ml/hr (Lascelles and Morris, 1961a) in sheep and averaged 
24 ml/hr (Shannon and Lascelles, 1968a) in two calves. 
Mammary duct 
Lascelles and Morris (1961b) collected lymph from the mammary lymph 
ducts of lactating and dry ewes. Mammary duct lymph flow from ewes in 
early lactation was up to 10 times greater than from dry ewes. The rate 
of lymph flow was highest in those ewes producing the most milk. Maxi­
mum rates of lymph flow were recorded for short periods of time in lac­
tating ewes when they were suckled or when they were milked. Lascelles 
and Morris (1961b) estimated that in lactating ewes, the mammary lymph 
ducts contributed up to 20-30% to the thoracic duct lymph flew. However, 
some of the lymph collected by the mammary lymph ducts originates from 
the skin and subcutaneous tissues of the escutcheon and the vulva. 
Lascelles, Cowie, and Hartmann (1964) described a technique for 
collecting lymph from the mammary gland of conscious cows. Lymphatic 
drainage of the 2 halves of the udder occurred independently. Lymph was 
collected from the half-udders of the cows. In one cow an attempt was 
made to recirculate the lymph by way of the subcutaneous abdominal vein. 
However, this procedure led to blockage of the cannula after approxi­
mately 12 hr, and for the most part lymph was allowed to drip from the 
cannula. Lymph flow from the half-udders varied between 7 and 120 ml/hr 
in dry cows and up to 1300 ml/hr in cows just before parturition and in 
early lactation. Lymph flow increased when the cows were exercised but 
did not increase when they were milked with a mechanical milker. From 
the results of this study it was estimated that about 50 to 70% of the 
total lymph flow from the thoracic duct came from the udder in the lac-
tat ing cow. 
Popliteal and prefemoral lymph ducts 
Other lymph ducts have been cannulated in sheep. Hall and Morris 
(1962) described a technique for collecting lymph for long periods of 
time from the hind limbs of conscious sheep. Lymphatic fistulae were 
established in lymph ducts of the popliteal lymph node. Under basal con­
ditions the rate of lymph flow from the node varied between 2 and 10 ml/hr. 
Lymph flow from the prefemoral lymph node of sheep averaged 5 ml/hr 
(Hall, 1967). 
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Lymphatico-Venous Anastomoses 
In studies of fat absorption in sheep. Heath and Morris (1962) 
were able to recover in the thoracic duct lymph only about one-half the 
fat absorbed from the intestine. Heath (1964) postulated that the fail­
ure to recover all the fat might be explained by the presence of lymphatic-
venous connections distal to the point of lymph collection. 
Job (1918) found connections between lymphatics and the inferior 
vena cava at the level of the renal veins in monkeys. Paldino and Hyman 
(1964) have shown that the lymph flow from the iliocolic lymph duct of 
rats was almost as great as flew from the thoracic duct. However, oc­
clusion of the iliocolic duct diminished thoracic duct flow by only a 
very small fraction. 
1 
When Heath (1964) injected I-labeled albumin into a mesenteric 
lymphatic of an anesthetized sheep nearly all the injected radioactivity 
was recovered in the thoracic duct lymph. This indicated that all or 
very nearly all the intestinal lymph drained into the thoracic duct. In 
another experiment with sheep Heath (1964) occluded the thoracic duct in 
the thorax. During the first few days after the thoracic duct was oc-
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eluded, transfer of I-labeled albumin from intestinal lymph to blood 
was slow. The abdominal lymphatics were grossly dilated and the lymphatic 
valves incompetent. After about 1-2 weeks, the abdominal lymphatics 
were of more normal size and drainage of lymph protein to the blood 
occurred more rapidly: Some of the lymph protein passed from the in­
testinal lymph to the blood within lymph nodes. When aqueous contrast 
medium was injected into a mesenteric lymphatic 4-7 weeks after thoracic 
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duct occlusion, it filled the thoracic duct almost to the site of oc­
clusion and then passed into the hemiazygos vein. In a more compre­
hensive study on the anatomy of lymphatics after ligation of the thoracic 
duct, Heath (1969) found that by 8 weeks after ligation 5 of 8 sheep 
indeed had developed anastomotic connections between the obstructed 
thoracic duct and the hemiazygos vein or intercostal veins. 
Sheep remained clinically normal and showed no signs of edema after 
the thoracic duct was ligated (Heath, 1969). When thoracic duct to 
venous shunts in calves were blocked, the calves showed little sign of 
discomfort which suggested to Shannon and Lascelles (1967) that direct 
communications between the lymph and blood started to function as soon 
as pressure in the thoracic duct increased. Hartmann and Lascelles 
(1966) indicated that blockage of the thoracic duct in cows caused loss 
of appetite and symptoms of abdominal discomfort for 2-3 days after the 
lymph flow stopped. The significance of the number, location, and im­
portance of lymphatic-venous taps is unsolved (Hyman, 1968). 
Lipid Absorption " 
Great progress in understanding the mechanism of lipid absorption 
in non ruminants has been made in the past 20 yr. For a comprehensive dis­
cussion of this topic see the reviews by Johnston (1968), Isselbacher 
(1965, 1966), Nestel (1967) and Senior (1964). Lipid absorption in the 
ruminant has been reviewed by Garton (1960, 1967, 1969). 
In nonruminants, the chief role of the stomach in lipid absorption 
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seems to be to liberate lipids and phospholipids from proteins by proteo­
lytic digestion (Senior, 1964). Pancreatic lipase, acting in the in­
testine, facilitates the hydrolysis of the water insoluble triglyceride 
molecule to monoglyceride and free fatty acids. In the ruminant, how­
ever, because of lipolytic and hydrogenating activity by rumen micro­
organisms most of the dietary fat is already in the form of free fatty 
acids, mainly palmitic and stearic acids, as the digesta enters the in­
testine (Leat and Harrison, 1969). Leat and Harrison (1969) and Lennox, 
Lough, and Garton (1968) have shown that polyunsaturated fatty acids and 
lecithin enter the intestine in the bile and pancreatic juice. Only 
negligible amounts of monoglyceride are present in the small intestine 
of sheep (Leat and Harrison, 1969). In nonruminants the monoglyceride 
molecule plays an important role in micelle formation (Senior, 1964). 
It appears that a major function of pancreatic juice in ruminants is to 
provide, by the interaction with biliary lecithin, the lysolecithin re­
quired for optimum micelle formation and lipid absorption. Lysolecithin 
then assumes the role of monoglyceride in micelle formation in the 
ruminant intestine (Bath and Hill, 1967; Leat and Harrison, 1969). 
Lennox and Garton (1968) fitted sheep with re-entrant cannulae in 
different parts of the small intestine to study absorption of long chain 
fatty acids. They found that the uptake of fatty acids was almost com­
plete by the time the digesta reached the ileum. It appeared to the 
authors that Cj^g monounsaturated acid, the principle unsaturated unes-
terified acid, was absorbed somewhat more efficiently than were the major 
saturated acids (palmitic and stearic acid). 
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TSie exact mode of fatty acid penetration into or through the micro­
villi of the gut epithelial cell is still unknown, but it is known that 
the bile salts are not absorbed across the mucosa with the fatty acids 
(Senior, 1964). Two pathways of triglyceride synthesis in the intestinal 
mucosa have been delineated, based on glycerol-3-phosphate or monogly-
ceride as acceptors of fatty acids (Johnston, 1968). The monoglyceride 
pathway appears to be the major route of fat absorption for man during 
normal digestion and absorption of dietary triglycerides (Kayden, Senior, 
and Mattson, 1967). However, the relative importance of the two path­
ways in ruminants is uncertain. Bickerstaffe and Annison (1969) have 
shown, with in vitro studies, that the intestinal epithelia of the pig 
and chicken have a complete enzyme system for effecting triglyceride 
synthesis from free fatty acids and both glycerol-3-phosphate and mono­
glyceride whereas in sheep tissue the glycerol-3-phosphate pathway pre­
dominates. They postulated that the patterns of synthetic activity prob­
ably reflect the relative availability of monoglyceride to the mucosal 
cells of these species. Comparing calves reared on only whole milk with 
calves fed milk, hay and grain Skrdlant et al. (1969) found that diet 
did not significantly alter the per cent of triglyceride synthesized in 
vitro by way of the monoglyceride or glycerol-3-phosphate pathway. Sterzing 
(1969) observed in electron micrographs that the morphology of the bovine 
intestinal epithelial cell following assimilation of the neutral lipid 
followed a pattern similar to that existing for other mammalian systems. 
The triglycerides formed in the intestinal mucosa are formed into chylo­
microns. 
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Zilversmit (1967) has reviewed the composition and structure of 
chylomicrons. He defined chylomicrons to be "primarily those lipid 
particles found in excessive amounts in the lacteals during the process 
of fat absorption and possessing a flotation coefficient greater than 400 
(Sf> 400); and particles in plasma which can be traced to their origin 
in chyle". The chemical composition of chylomicrons from rats varies 
with size of the chylomicrons; approximately 88-96% triglyceride, 3-10% 
phospholipid, 1-2% cholesterol and cholesterol ester, and 1-2% protein. 
Structurally, the chylomicron consists of an envelope of phospholipid 
plus small amounts of protein and cholesterol, and a core of triglyceride, 
cholesterol and cholesterol ester (Zilversmit, 1968). 
The intestinal lymphatics serve as the sole channel for cholesterol 
absorption into the circulation (Swell et al., 1958). The chemical 
composition of lymph chylomicrons can be altered by feeding cholesterol. 
Rat chylomicrons were reported to contain 2.8% cholesterol, dog chy­
lomicrons about 3.5% and rabbit chylomicrons 14% cholesterol when a high 
cholesterol diet was fed (Zilversmit, Gourtice, and Fraser, 1967). 
Effect of age and diet 
Shannon and Lascelles (1967) studied the pattern of lipid absorption 
in calves fed whole milk either twice or once daily. When calves were 
fed twice daily the mean hourly flow of thoracic duct lymph and output 
of neutral lipid, free fatty acid and phospholipid changed relatively 
little with time after feeding, compared with a definite pattern of 
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change observed over the first 12 hr after feeding when the calves were 
fed once daily. With once daily feeding peak lymph flow was reached 
4-5 hr after feeding while the peak neutral lipid concentration in lymph 
was reached about 10 hr after feeding. At the time of peak lymph 
flow, the concentration of neutral lipid in the lymph was at its lowest 
level. Even with once daily milk feeding the mean output of lipid in the 
lymph for the first 12 hr period was similar to that for the 12-24 hr 
period after feeding. This emphasizes the continuous nature of lipid 
absorption in milk-fed calves. It was considered that this prolonged 
absorption of lipid was related to a high ratio of milk clotting; pro­
teolytic activity in the abomasum and a high content of casein in bovine 
milk (Shannon and Lascelles, 1967). In lambs fed milk, lymph flow in­
creased to a peak between 2 and 3 hr after feeding while the peak concen­
tration of fat in the lymph occurred between 5 and 8 hr (Heath and Morris, 
1962). Simmonds (1957) found in rats that lymph flow increased to a 
maximum 2 to 3 hr after feeding while lipid output in lymph flow increased 
gradually to reach a peak 4 to 5 hr after feeding. It is difficult to 
make valid comparisons between species because of the marked dissimi­
larities in the volume and composition of the respective diets, and in 
the experimental procedures used. 
Composition of lymph lipid 
In a recent study on the composition and output of lipid in the 
thoracic duct lymph of newborn calves, Shannon and Lascelles (1969a) found 
that the concentration of lipid in lymph collected before the first feeding 
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of colostrum was very high, ranging from 164 to 694 mg/100 ml lymph. 
Approximately 54% of this lipid was triglyceride with free fatty acid, 
phospholipid, free cholesterol and esterified cholesterol comprising, 
respectively, 6,4, 25.6, 2.5 and 2.5%. After the first feeding of milk, 
lymph flow increased to reach a peak value within 8 hr while the lipid 
output increased only gradually to reach maximum stable values 36-48 hr 
after the first feeding. Marked changes occurred in the percentage com­
position of lipid by 24-32 hr after first feeding. Approximately 75% of 
this lipid was triglyceride, with free fatty acid, phospholipid, free 
cholesterol and esterified cholesterol comprising, respectively, 1.7, 
14.1, 0.7 and 1.3%. In an earlier study, Shannon and Lascelles (1967) 
found that the thoracic duct lymph lipid of 7-14 day old calves contained 
82.2, 11.0, 0.8, 1.7 and 0.7% triglyceride, phospholipid, free fatty 
acid, cholesterol ester and free cholesterol, respectively. 
The concentration of lipid in blood plasma of newborn calves is very 
low, thus most of the lipid in the lymph before first feeding must have 
been derived from sources other than the capillary filtrate (Shannon and 
Lascelles, 1969a). They suggested that lipid stored in the intestines 
(or other regions drained by the thoracic duct or both) was being released 
into the lymph of the newborn calves and may represent a readily mobilized 
fat store in the young animal. 
The lipid composition of intestinal lymph (Shannon and Lascelles, 
1968a) from young milk-fed calves was generally similar to that reported 
for thoracic duct lymph (Shannon and Lascelles, 1967). The concentration 
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and output of the various lipid fractions in hepatic lymph from calves 
did not vary markedly with time after feeding (Shannon and Lascelles, 
1968a). Approximately 46% of the hepatic lymph lipid was triglyceride 
with phospholipid, free fatty acids, cholesterol esters and free choles­
terol comprising 29, 4.5, 16.5 and 3.9%, respectively. 
Hartmann and Lascelles (1966) studied the lipid composition of 
thoracic duct lymph in grazing cows. They reported that 68% of the lymph 
lipids were in the triglyceride form and 20% were in the phospholipid 
fraction while cholesterol esters, free cholesterol and free fatty acids 
represented 7.9, 1.9 and 1.5%, respectively. Although the lymph flow 
and concentration of lipids varied markedly throughout the day, the authors 
found no consistent diurnal pattern for lipid absorption. The two lac-
tat ing cows in this study had a higher lymph lipid concentration than 
did the dry cow. This was attributed to the higher intake of lipid by 
the lactating cows. 
The proportion of each lipid class in the lymph of the thoracic duct 
and intestinal duct of sheep (Felinski et al., 1964) is similar to that 
found in the corresponding chyle lipids of calves (Shannon and Lascelles, 
1967) and cows (Hartmann.and Lascelles, 1966). Felinski et al. (1964) ob­
served that almost all the lipid in the lymph of the thoracic duct of 
sheep originates from the intestinal duct. Cervical duct lymph lipid 
(Felinski et al., 1964) from sheep is more similar in composition to 
plasma lipid (Hartmann and Lascelles, 1966) than thoracic duct lipid indi­
cating that capillary filtrate probably contributes a significant amount 
of lipid to cervical duct lymph. 
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In sheep and cows it has been shown that most of the dietary fat is 
absorbed via the lymphatics where it appears in a more saturated form 
than in the diet (Felinski et al., 1964; Heath, Adams, and Morris, 1964; 
Leat and Hall, 1968; Wadsworth, 1968). Heath et al., (1964) reported 
evidence of significant amounts of trans isomers of fatty acids in the 
lymph from sheep. These trans isomers probably resulted from the hydro­
génation of unsaturated fatty acids by rumen microorganisms (Shorland 
et al., 1957). The fatty acid composition of triglycerides in thoracic 
duct lymph of cows (Leat and Hall, 1968; Wadsworth, 1968) is similar to 
that reported for intestinal lymph of sheep (Felinski et al., 1964; Heath 
et al., 1964). Wadsworth (1968) found that the major fatty acids in 
lymph triglycerides of cows were 16:0, 18:0 and 18:1 which comprised, 
respectively, 22, 42 and 17% of the total. Similarly, the major fatty 
acids of lymph phospholipid from one cow were 16:0, 18:0, 18:1 and 18:2 
which formed, respectively, 17, 28, 13 and 24% of the total. Lymph 
cholesterol esters from the same cow contained predominantly 18:0, 
18:2 and 18:3 fatty acids which made up 15, 24 and 16%, respectively, 
of the total. 
Endogenous lymph lipid 
Lipid has been observed in the thoracic duct lymph of rats fed a 
fat-free diet (Baxter, 1966; Shrivastava, Redgrave, and Simmonds, 1967; 
Verdino, Blank, and Privett, 1965). Baxter (1965) found that thoracic 
duct lymph of rats eating a fat-free diet contained 7 mg of lipid per 
hour. Calves fed skimmilk (Shannon and Lascelles, 1969b) had 0.72 g 
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lipid pass through their thoracic duct per hour. 
To try to determine the source(s) of the endogenous lymph lipid, 
Baxter (1965) injected palmitic acid-l-^^C intravenously in rats. In the 
first 4 hr after the palmitic acid-l-^^C injection, less than 1% of the 
label appeared in the lymph lipid. 
Further work by Baxter (1965) and Shrivastava et al. (1967) has shown 
that bile is an important source of endogenous lymph lipid. The output 
of esterified fatty acid in the thoracic duct lymph of fasting, unan-
esthetized rats decreased by 80% when a bile fistula was produced 
(Shrivastava et al., 1967). Addition of bile salts to the intestine 
did not reverse this fall which suggested that it was the loss of biliary 
lipid, and not primarily that of bile salts, which was responsible for 
the decreased lymph lipid. Baxter (1965) estimated that about J0% of 
the endogenous lymph lipid was derived from the bile. 
Some of the remaining endogenous lymph lipid in rats was licked from 
the fur and some possibly derived from other intestinal secretions (Bax­
ter, 1965). The role of desquamated cells and bacteria is unknown at 
present. Fatty acids synthetized in the intestine might make up a 
portion of the endogenous lymph lipid (Whyte, Karmen, and Goodman, 1963; 
Tame and Dils, 1967). Redgrave (1967) presented evidence of an increased 
output of endogenous lymph lipid during fat absorption. 
Lymph Protein Transport 
Lymphatic vessels function in returning extravascular protein to the 
blood stream. Although all fractions of the plasma proteins are repre-
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seated in the lymph, they are not present in the same proportions as in 
the plasma. The lymph albumin;globulin ratio is usually greater and the 
lymph protein concentration less than that of the plasma (Yoffey and 
Courtice, 1956). 
Shannon and Lascelles (1968a) found that the mean protein concen­
tration of lymph from the thoracic, intestinal and hepatic ducts of 
young milk-fed calves was 56.5, 56.7 and 80.6%, respectively, of the 
plasma values. Intestinal and hepatic duct lymph protein concentrations 
of cats were 55 and 90%, respectively, of the plasma level (Morris, 1956). 
McDougall (1964) observed that the protein concentration in the thoracic 
duct lymph of sheep was less than 50% of that in blood serum, and the 
corresponding value for intestinal duct lymph was about 75%. 
Shannon and Lascelles (1968a) found that the albumin:globulin ratios 
were always higher in lymph than in plasma, and in the hepatic lymph the 
albumin concentration was virtually the same as that in plasma. They 
also found that, in general, the protein concentration of the thoracic 
duct lymph and intestinal lymph was inversely related to the rate of flow. 
The flow and protein concentration of hepatic lymph remained constant 
throughout the day. 
Protein composition of thoracic duct lymph in newborn calves changed 
markedly during the first 24 hr after the first feeding of colostrum 
(Shannon and Lascelles, 1968b). There was a marked increase in globulin 
concentration in lymph during the first 8 hr after the calves were first 
while the albumin concentration tended to decrease during this period. 
Lymph flow increased after the first feeding with the result being a vast 
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increase in the output of globulin in lymph from 2.5 g/hr immediately be­
fore the first feeding to 23.1 g/hr 8 hr later. Fractionation of colostral 
whey and lymph on G-200 and DEAE Sephadex columns indicated that the 
increase in globulin in lymph was due to absorption of G-globulin, which 
is the major immunoglobulin of bovine colostrum. The authors reported 
a decrease in globulin concentration in lymph from its peak level about 
8 hr after first feeding, to relatively constant levels at 24 hr even 
though colostrum was fed at 14 and 20 hr. This suggested that G-globulin 
absorption had virtually ceased within 24 hr after first feeding. They 
explained the decrease in albumin concentration during the first 8 hr 
after initial feeding as being due to dilution of the albumin with capil­
lary filtrate. 
In a subsequent study Shannon and Lascelles (1969b) studied the ef­
fect of skimmilk feeding on the protein concentration of thoracic duct 
lymph in young calves. Their analyses revealed that the protein con­
centration and albuminzglobulin ratio in lymph of calves fed skimmilk or 
whole milk were the same. However, since there was a significant re­
duction in lymph flow when skimmilk was fed compared with whole-milk 
feeding, the protein output in lymph was lower in calves fed skimmilk 
than in calves fed whole milk. 
Lascelles and Morris (1961b) found that the differences in protein 
concentration and albuminzglobulin ratio in mammary gland lymph of sheep 
were similar to those observed between plasma and lymph draining other 
areas of the body. Also, they observed that the mammary gland lymph 
protein concentration of lactating ewes was lower than that of dry ewes, 
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and in general, protein concentration was negatively correlated with 
lymph flow. Hartmann and Lascelles (1966) noted that the protein con­
centration of thoracic duct lymph from lactating cows was lower than 
that from dry cows, which was probably due to the contribution of mammary 
gland lymph to the thoracic duct lymph. 
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PROCEDURES 
Animals 
Young calves from the Iowa State University dairy herd were fed either 
only whole milk^ twice daily at the rate of 10-12% of body weight per day 
2 
or mixed legume and grass hay and grain ad libitum. Each calf was 
housed in an individual pen. Calves fed milk only were placed on metal 
screens to prevent access to roughage. Breed, age, weight, sex, diet, 
and surgical technique employed for each calf used in the present study 
are presented in Table 17 in the Appendix. 
Anesthesia 
Milk and water were withheld from the calves for 12 hr and hay and 
grain for 24 hr preceding surgery. Prior to surgery, the skin over the 
operative area was prepared by clipping the hair. With the calf stand-
3 ing, anesthesia was induced by administering about 10% halothane and 
oxygen via a face mask attached to a closed-circuit anesthesia machine. 
After 4-8 min., the calf was easily placed on the surgical table in left 
lateral recumbancy. When the jaw was sufficiently relaxed, the trachea 
was intubated and the endotracheal tube attached to the closed-circuit 
anesthesia machine. Anesthesia was maintained with about 2-3% halothane 
and oxygen. 
^Supplemented with 50 mg aureomycin, 10,000 I.U. vitamin A, 1,000 
I.U. vitamin Dg, and 2.4 g trace mineral mix once daily. 
2 
Composition; corn, 40%; oats, 27%; soybean meal (solvent) 20%; 
blackstrap molasses, 10%; iodized salt, 1%; dicalcium phosphate, 2%; 
trace mineral mix, 68 g/100 lbs; and vitamin A, vitamin D, antibiotic 
premix, 17.5 g/100 lbs. 
^Fluothane, a halothane anesthetic, Ayerst Laboratory, New York, N.Y. 
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Operative Techniques 
The operative area was prepared for surgery by washing thoroughly 
with bactericidal soap and water, and rinsing with 95% alcohol. A sterile 
drape was placed over the animal leaving only the operative area ex­
posed. Strict aseptic measures were followed in all surgical procedures. 
1 
Five ml antibiotic combination were injected intramuscularly on the day 
of surgery and once daily for 3 days, thereafter. 
Thoracic lymph duct 
The thoracic duct was cannulated in the thorax. The surgical tech­
nique for locating and cannulating the duct was similar to the method 
described by Lascelles and Morris (1961a) for sheep. Either thoracic 
duct-duct (TDD) or thoracic duct-jugular vein (TDJV) shunts were surgical­
ly established in the calves. 
To establish the TDD shunt, a skin incision was made over the line of 
the 8th rib on the right sideband carried through the ventral border .of the 
latissimus dorsi and periosteum to the external surface of the rib. The 
periosteum was stripped free and about 20 cm of the rib, as close as 
possible to the costo-vertebral juncture, were removed. The pleura was 
incised, the incision opened and retracted, and the right diaphragmatic 
2 lobe of the lung retracted. A positive action Seeler resuscitator unit 
400,000 units penicillin in dihydrostreptomycin solution, 0.5 mg/2cc, 
Gorvell Division of Eli Lilly and Co., Indianapolis, Indiana. 
2 
Globe Safety Products Inc., Dayton, Ohio. 
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on the closed-circuit anesthesia machine was used to assist respiration 
while the thorax was open. Anesthesia was maintained with about 1% 
halothane and oxygen when the thorax was open. The thoracic duct was 
identified without dissection beneath the pleura on the right dorso­
lateral surface of the aorta. Since the duct was irritable to mechanical 
stimulation and could be made to contract to thread-like proportions it 
was carefully dissected free for about 3-4 cm. Two ligatures were passed 
around the duct and left loose. A short longitudinal incision was made 
in the duct midway between the ligatures. The diameter of the silicone 
rubber tubing^ used for cannulating the duct was governed by the size 
of the particular duct. If the duct was sufficiently large 1.57 mm in­
ternal diameter (I.D.) x 3.18 mm outside diameter (O.D.) tubing was used. 
Smaller ducts were cannulated by providing the tubing with a thin-walled 
tip (Figure 1). A high-speed disc sander was used to round one end of 
the tubing. Then a 6-8 cm length of 1.57 mm I.D. x 2.41 mm O.D. tubing 
2 
was stretched over the rounded end and glued in position to form the 
thin-walled tip. Each cannula was 50-60 cm long. A cannula, the tip 
3 
of which had been lubricated, was passed 2-6 cm caudally into the duct. 
Often the cannula tip lodged against one of the valves in the duct and 
had to be withdrawn slightly to obtain a free flow of lymph. A second 
cannula was directed cranially into the duct. Both cannulae were secured 
M^edical grade tubing, Medical Products Division, Dow Corning Cor­
poration, Midland, Michigan. 
O 
Clear Seal, General Electric, Silicone Products Dept., Waterfore, 
New York. 
%-Y Sterile Lubricant, Johnson and Johnson, New Brunswick, New 
Jersey. 
Figure 1. Silicone rubber tubing with a thin-walled tip used to cannulate 
small diameter thoracic and intestinal lymph ducts 
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in the duct by tying the two ligatures. Frequently a second thoracic 
duct was located on the left dorso-lateral surface of the aorta; it was 
clamped shut with silver brain clips. In several instances a duct could 
not be located on the right side but one was observed on the left side 
of the aorta in which case the left duct was cannulated. IWo stay 
sutures were tied around each cannula to anchor them to the tissue dorsal 
to the duct. The cannulae were brought out of the thorax through the 
wound and pushed into a 4 cm length of tygon tubing (4 mm I.D.). Nylon 
straps were secured around the tygon tubing to keep the cannulae con-
nected. Three million units of procaine penicillin were instilled into 
the pleural cavity to prevent infection. After inflation of the lungs 
and displacement of air from the pleural cavity the pleura, periosteum, 
and first layer of muscles were rapidly closed to prevent pneumothorax. 
Purse-string sutures were placed in the muscle around each cannula and 
tied to prevent air leakage. At this point the calf was permitted to 
breathe spontaneously. The remaining muscles were sutured, the skin 
closed, and the cannulae secured to the skin (Figure 2). 
The TD7V shunts were established similarly with but one exception. 
Rather than return the lymph to the thoracic duct as was done with the 
duct-duct shunt, lymph was returned to the jugular vein. Initially a 
^Tygon tubing, U.S. Stoneware Co., Akron, Ohio. 
^Extracorporeal Medical Specialties, Inc., Mount Laurel TWP, New 
Jersey. 
3 
Park Davis Co., Detroit, Michigan. 
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polyvinyl catheter^  (1.50 mm l.D. x 2.32 urn O.D.) was threaded 
a 10 gauge needle that had been inserted in the right jugular vela te 
establish the return catheter. Later silicone rubber tubiog was eaed. 
To establish the silicone rubber jugular vein catheter a short skia la» 
cision was made over the line of the jugular vein 10>1S cm peetertar t» 
the mandible on the right side and the vein was located by hlvat d&s* 
section. A 12 gauge needle was introduced into the jugular veia aad a 
flexible guide wire passed through the needle into the veia. The aeedle 
was then removed over the wire which was left in place. A 1.57 m# 
l.D. X 3.18 mm O.D. silicone rubber catheter was threaded over the guide 
and into the vein for about 25 cm. The guide was removed from the cathe­
ter. The catheter was flushed with saline and connected to the thoracic 
duct cannula to complete the shunt (Figure 3). 
Intestinal lymph duct 
The surgical technique for locating and cannulatiog the intestinai 
duct was similar to the method described by Shannon and Lascelles (l**aa). 
Intestinal duct-posterior vena cava (IDVC), intestinal duct-duct (lOD), 
and intestinal duct-jugular vein (IDJV) shunts have been established la 
calves. 
S^urco Flexible Transparent Tubing - Formulation S - I clear, 
Suprenant Mfg. Co., Clinton, Mass. 
2 
Cardiosonics, Belmont, Massachusetts. 
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in the duct by tying the two ligatures. Frequently a second thoracic 
duct was located on the left dorso-lateral surface of the aorta; it was 
clamped shut with silver brain clips. In several instances a duct could 
not be located on the right side but one was observed on the left side 
of the aorta in which case the left duct was cannulated. Two stay 
sutures were tied around each cannula to anchor them to the tissue dorsal 
to the duct. The cannulae were brought out of the thorax through the 
wound and pushed into a 4 cm length of tygon tubing (4 mm I.D.). Nylon 
2 
straps were secured around the tygon tubing to keep the cannulae con-
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nected. Three million units of procaine penicillin were instilled into 
the pleural cavity to prevent infection. After inflation of the lungs 
and displacement of air from the pleural cavity the pleura, periosteum, 
and first layer of muscles were rapidly closed to prevent pneumothorax. 
Purse-string sutures were placed in the muscle around each cannula and 
tied to prevent air leakage. At this point the calf was permitted to 
breathe spontaneously. The remaining muscles were sutured, the skin 
closed, and the cannulae secured to the skin (Figure 2). 
The TDJV shunts were established similarly with but one exception. 
Rather than return the lymph to the thoracic duct as was done with the 
duct-duct shunt, lymph was returned to the jugular vein. Initially a 
^Tygon tubing, U.S. Stoneware Co., Akron, Ohio. 
^Extracorporeal Medical Specialties, Inc., Mount Laurel IWP, New 
Jersey» 
3 
Park Davis Co., Detroit, Michigan. 
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polyvinyl catheter^  (1.50 mm I.D. x 2.32 mm O.D.) was threaded through 
a 10 gauge needle that had been inserted in the right jugular vein to 
establish the return catheter. Later silicone rubber tubing was used. 
To establish the silicone rubber jugular vein catheter a short skin in­
cision was made over the line of the jugular vein 10-15 cm posterior to 
the mandible on the right side and the vein was located by blunt dis­
section. A 12 gauge needle was introduced into the jugular vein and a 
2 flexible guide wire passed through the needle into the vein. The needle 
was then removed over the wire which was left in place. A 1.57 mm 
I.D. X 3.18 mm O.D. silicone rubber catheter was threaded over the guide 
and into the vein for about 25 cm. The guide was removed from the cathe­
ter. The catheter was flushed with saline and connected to the thoracic 
duct cannula to complete the shunt (Figure 3). 
Intestinal lymph duct 
The surgical technique for locating and cannulating the intestinal 
duct was similar to the method described by Shannon and Lascelles (1968a). 
Intestinal duct-posterior vena cava (IDVC), intestinal duct-duct (IDD), 
and intestinal duct-jugular vein (IDJV) shunts have been established in 
calves. 
S^urco Flexible Transparent Tubing - Formulation S - 1 clear, 
Suprenant Mfg. Co., Clinton, Mass. 
2 
Cardiosonics, Belmont, Massachusetts. 
Figure 2. View of thoracic duct-duct lymph shunt in situ 
Figure 3. View of thoracic duct-jugular vein lymph shunt in situ 
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To establish IDVG shunts an incision was made over the line of the 
13th rib on the right side extending about 12 cm dorsally and 8 cm 
ventrally from the costo-chondral juncture through the muscle and peri­
osteum to the external surface of the rib. The periosteum was stripped 
free and the rib removed. The peritoneum was incised, the incision 
opened and retracted. The caudate lobe of the liver was retracted after 
first parting the ligament attaching it to the right kidney. The in­
testinal duct was located on the ventro-lateral surface of the posterior 
vena cava after separating the dorsal surface of the pancreas from the 
right kidney. The duct was carefully dissected free and two ligatures 
passed around it. The caudal ligature was tied. A short longitudinal 
incision was made in the duct between the two ligatures and a silicone 
rubber cannula was directed cranially into the duct (since lymph is 
flowing caudally at this point) for 2-4 cm. If the tip of the cannula 
lodged against.one of the valves in the duct, the cannula was withdrawn 
slightly to obtain a free flow of lymph. The other ligature was tied 
around the duct and cannula. Dimensions of the cannula were 1.57 mm 
I.D. X 3.18 mm O.D. x 50 cm. Occasionally, small ducts were cannulated 
by providing the tubing with a thin-walled tip (Figure 1). The hepatic 
lymph ducts (usually 2-4 present) were located and ligated just cranial 
to the intestinal duct. 
A silicone rubber return catheter (1.57 mm I.D. x 3.18 mm O.D. x 
75 cm) was introduced into the posterior vena cava to complete the IDVC 
shunt. The catheter was filled with saline and a sharpened bone tip 
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placed on one end. The bone tip and catheter were forced cranially into 
the vena cava and saline flushed through the catheter to dislodge the 
bone tip (Figure 4). The catheter was properly positioned in the vein 
when there was an aspiratory action in the catheter and no retrograde 
flow of blood occurred. Polyvinyl formal sponge and silk were used to 
2 
secure the catheter in the vein. Two Polyotic Oblets were placed in the 
peritoneal cavity. Both tubes were anchored to the tissue dorsal to the 
duct with stay sutures and then led out of the peritoneal cavity through 
the wound and the wound closed in 3 layers. The tubes were connected 
and secured to the skin (Figure 5). 
IDD and IDJV shunts were established similarily except that lymph 
was not returned to the vena cava. Lymph was returned to the intestinal 
duct or jugular vein using techniques similar to those described for the 
thoracic duct shunts. 
Femoral artery• 
An arterial catheter was established in the femoral artery of one 
calf (7109) using the method described by Yelverton, Henderson, and 
Dougherty (1969). The dimensions of the medical-grade vinyl tubing^ were 
2.08 mm I.D. x 3.60 mm O.D. x 120 cm. Fifty cm of tubing were inserted 
into the artery. 
1 ' Ivalon Surgical Sponge, Clay-Adams Inc., New York, New York. 
T^etracycline hydrochloride, American Gyanamid Co., Princeton, New 
Jersey. 
C^atalog No. VX082. Becton, Dickson, and Co., Rutherford, New Jersey. 
Figure 4. Right-side view of operative area for establishing an in­
testinal duct-posterior vena cava lymph shunt; the posterior 
vena cava catheter (above) and the intestinal duct cannula 
(below) are shown in situ 

Figure 5. View of intestinal duct-posterior vena cava lymph 
shunt in situ 
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Post-Surgical Management 
In all cases post-surgical recovery was rapid with the calves 
usually standing and eating grain or drinking milk within 4-6 hr following 
the operation. The calves were usually haltered and tied to prevent 
1 
them from licking or chewing on the exteriorized tubes. Polyotic Powder 
was dusted on the incision site after surgery and several times weekly, 
thereafter. 
To check the patency of the shunts a 25 gauge needle was used to re­
lease a small air bubble in the shunt or the shunt was disconnected to 
observe a free flow of lymph. If clots formed in the shunt saline was 
flushed through the return tube and gentle suction was applied to the 
collection cannula. 
Lynqsh Collection 
To collect lymph samples for short periods of time (1-5 min.), the 
shunt was disconnected and the return tube plugged. Lymph was collected 
in a graduated cylinder for a specific time period. The shunt was then 
re-established after first flushing saline through the return tube. 
To maintain body fluid volume when lymph was collected for longer 
periods of time (up to 25 hr) lymph was reinfused as collected. A harness 
holding a 500 or 1000 ml plastic bottle was placed around the calf's 
heart girth (Figure 6). After disconnecting the shunt, lymph was 
^A tetracycline hydrochloride, American Cyanamid Co., Princeton, 
New Jersey. 
Figure 6. Animal equipped with apparatus for collecting lymph 
with tubing for infusing lymph or other solutions also 
shown 
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collected in the bottle on the animal. Sodium citrate (2 ml saturated 
solution/100 ml lymph), placed in the collection bottle, was used as an 
anticoagulant (Felinski et al., 1964). The collected lymph was removed 
from the bottle at 10, 15 or 30 min. intervals, measured, samples, and 
that not sampled (25 ml sampled per hour) placed in a temperature-
controlled (39°C) reservoir. The samples were pooled at hourly intervals 
and frozen for subsequent analysis. An infusion pump^ was used to 
transfer lymph from the reservoir to the return tube at a rate approxi­
mating the lymph flow. To replace lymph held for analyses, lactated 
2 ' 3 Ù. Ringer's solution , 5% casein hydrolysate in saline, or saline^  
were infused. 
During certain collection periods lymph was not reinfused. In these 
instances two parts lactated Ringer's solution and one part 5% casein 
hydrolysate in saline were infused at a rate approximating lymph flow 
to maintain body fluid balance. The return tube was plugged to determine 
the effect of continuous lymph drainage on lymph flow and composition in 
calves 7109 and 5983. Concomitant with lymph drainage in calf 7109, 
hematocrit, plasma and blood volume were determined. 
^Model TM-10, Sigmamotor, Middleport, New Jersey. 
2 
Lactated Ringer's Injection, U.S.P. (Hartmacins Solution) Baxter 
Laboratories, Morton Grove, Illinois. 
^5% Casein Hydrolysate Injection, Baxter Laboratories, Morton Grove, 
Illinois. 
4 
Sodium Chloride Injection, U.S.P. Baxter Laboratories, Morton Grove, 
Illinois. 
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Collection and infusion equipment were sterilized before each use. 
During the collection periods, which usually started about 6 a.m., the 
calves were allowed to move about, eat and drink according to their 
normal daily routine. The only exceptions were when lymph pressure 
was being recorded while the calves were in metabolism stalls, or when 
special diets were fed. The calves were allowed at least 6 days to re­
cover from surgery before lymph collections were initiated and then a 
maximum of one collection period per 2 days was employed. The calves 
were extremely docile before and during the collection periods. After 
each collection period, 5 ml antibiotic combination were injected in­
tramuscularly in the calf. 
Lymph Pressure 
To determine the lymph pressure patterns within the intact shunts 
and while collecting lymph, pressure recordings were made using the 
methods described by Hall, Morris and Woolly(1965). To monitor lymph 
pressure in the intact shunt a glass t-piece was inserted into the shunt 
and the side arm of the t-piece connected to a pressure transducer^ with 
a saline-filled transmission line. The pressure transducer was posi­
tioned in a horizontal plane with the point at which the lymph duct was 
cannulated. 
To measure lymph pressure while collecting lymph, the shunt was 
^Model 267-BC, Hewlett Packard, Sahbom Division, Waltham, Massachu­
setts . 
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disconnected and the t-piece inserted into the collection cannula. A 
length of tubing equal in length and diameter to the return tube in the 
particular calf was attached to the other end of the t-piece. Thus, in 
both the intact shunts and open preparations lymph flowed through an 
equal length of tubing. The open end of the outflow tube was adjusted 
to a horizontal plane giving a lymph pressure approximating the pressure 
occurring in the intact shunt. The height of this plane in relation to 
the duct was measured. 
In one calf (7109) recordings were made of respiration rate and 
arterial blood pressure simultaneously with the lymph pressure recordings. 
Blood pressure was monitored by connecting a saline-filled transmission 
line of a pressure transducer to the open ended arterial catheter. Respi­
ration rate was recorded by attaching an air-filled transmission line of 
a pressure transducer to a pneumograph^ attached around the abdomen of 
the calf. 
To determine if the position of the lymph collection tip influenced 
lymph flow rate, the collection tip was positioned to maintain lymph 
pressure at -10, 0 or +10 mm Hg while collecting lymph. The collected 
lymph was measured and reinfused into the animal. Two 3x3 Latin 
squares were used in the experiment with one calf (7109) (Steel and 
Torrie, 1960). Three 30-min collection periods, with lymph flow being 
recorded at 1 min intervals, were used for each of the three pressures 
H^arvard Apparatus Company, Inc., Dover, Massachusetts. 
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(-10, 0 or +10 mm Hg). The shunt was re-established for 10 min between 
collection periods and only three 30-min collections were conducted 
within a 12 hr interval. 
For all pressure recordings the pressure transducer was connected 
to a carrier preamplifier^  and permanent recordings were made on a direct 
writing recorder. All recordings were conducted from 6 days to 3 weeks 
following surgery and the calves were standing in a metabolism crate 
during the recordings. 
Analytical Techniques 
Lipid 
Total lymph lipids were determined gravimetrically by the method de­
scribed by Felinski et al. (1964) or by slight modifications of the 
method described by Hartmann and Lascelles (1965). Either of these meth­
ods extracted approximately 95% of the radioactivity in the lymph after 
feeding palmitic acid-l-^^C. The radioactive lymph was obtained from an 
experiment by Cook et al. (1969). Radioactivity in lymph was determined 
using the methods described by Cook et al. (1969). 
Protein 
Total protein in the lymph samples was estimated by the biuret re­
action as modified for lipemic sera (Gornall, Bardawill and David, 1949). 
M^odel 350-1100C, Hewlett Packard, Sanborn Division, Waltham, Mass. 
2 7700 Series, Hewlett Packard, Sanborn Division, Waltham, Mass. 
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Plasma volume 
Evans Blue (T-1824) was used to determine the plasma volume of one 
calf (7109) (Stahl and Dale, 1958). 
Milk fat 
Total fat in the milk fed to the calves was determined by the 
Babcock method (ÂOÂC, 1965). 
Experimental Designs 
To determine the effect of lymph pressure on lymph flow a trial 
was designed and analyzed as a Latin square according to Steel and Torrie 
(1960) with two replications. Lymph was collected at three different 
pressures (-10, 0, +10 mm Hg) during 3-30 min collection periods in calf 
7109 with two replications. 
To compare lymph flow, lipid concentration, lipid output, protein 
concentration, or protein output in calves with thoracic or intestinal 
lymph duct cannulae and fed either whole milk or hay and grain a trial 
was designed and analyzed as a split-plot experiment according to Cochran 
and Cox (1957). The animal treatments (two diets x two ducts) were the 
"whole unit" treatments, while the hours of the lymph collection periods 
were the "sub-unit" treatments. The diet and duct effect and the diet 
X duct interaction were analyzed according to the "t"-test (Steel and 
Torrie, 1960). 
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RESULTS AND DISCUSSION 
Fifty-two calves were used to develop techniques for collecting 
lymph from the thoracic and intestinal lymph ducts. Twelve calves were 
utilized either to establish landmarks for surgery or in unsuccessful 
attempts to establish lymph shunts. Lymph shunts were successfully es­
tablished in 40 calves. Recovery from surgery was rapid and infection 
after surgery was never a problem. 
Operative Techniques 
Thoracic duct-duct (TDD) shunts were established in 15 calves and 
remained patent from 5 to 34 days while thoracic duct-jugular vein (TDJV) 
shunts were established in 11 calves and remained patent from 5 to 38 
days (Table 1). In four of these calves with TDJV shunts, the total 
patency of the shunt was extended by establishment of a second jugular 
vein catheter. 
Failure of the TDJV shunt was frequently attributable to clot forma­
tion, usually occurring first in the venous end of the shunt. This was 
also observed by Lascelles and Morris (1961a) and Joel and Sautter (1963). 
To maintain lymph flow through the shunt, it was necessary for the venous 
catheter to have an aspiratory action. Because of sheath or thrombus 
formation on the tip it was difficult to maintain a jugular vein return 
catheter for longer than 10 days. Once a sheath or thrombus formed on 
the catheter tip, resistance to lymph flow increased, lymph flow slowed 
and finally lymph clotted in the shunt. 
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Table 1. Duration of functional lymph shunts in calves 
Shunt  ^ Calf no _b Days patent Comment 
TDD 7092 34 
6061 21 
7093 7 
6101 11 
6089 19 
6065 13 
7059 6 
5985 7 
6088 5 Cannula pulled out 
5983 12 
mean = 14 
7101 10 Experiment terminated 
1111 10 « 1  t t  
7042 10 t t  I t  
5861 10 f t  1 »  
6126 10 I t  t i  
TDJV 6030 5 Cannula pulled out 
7079 20(8)C TWo jugular catheters 
7088 16(6)C t t  t t  t t  
7040 18(9)C t t  t t  t l  
5813 14 
7103d 16 
5807 12(10)C I t  I t  t t  
5806^  6 
6042 5 Bloody lymph 
7109 38(12)C Two jugular cathers 
mean = 15 
7068 10 Experiment terminated 
IDD 6119 9 
1005 5 
7122 13 
7095 5 
1090 5 
mean 7 
IDJV 6103 10 
IDVC 7116 19 
6035 20 
®TDD - thoracic duct-duct; TDJV - thoracic duct-jugular vein; IDD -
intestinal duct-duct; IDJV - intestinal duct-jugular vein; IDVC - in­
testinal duct-posterior vena cava 
C^alves identified by herd number in this and subsequent tables 
^Days that first jugular catheter was patent 
P^olyvinyl tubing was used for the return catheter, silicone rubber 
tubing was used in all other preparations 
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Table 1. (Continued) 
Shunt^ Calf no Days patent Comment 
IDVC (continued) 6120 22 
6102 33 
7046 11 Bloody lymph 
mean = 21 
6181 7 Experiment terminated 
6214 10 f t  f t  
7088 10 I f  t t  
To increase the functional life of the TEUV shunt saline was flushed 
through the venous catheter twice daily for the first 5 days following sur­
gery and at more frequent intervals thereafter. If the venous catheter 
failed before completion of an experiment a second venous catheter was in­
serted either in the same vein or in the left jugular to prolong the shunt's 
patency. It was difficult to remove clots from the collection cannula. If 
a clot did form in the collection cannula, gentle suction was applied to 
the tube to try to remove the clots. This procedure proved to be reason­
ably successful only when clot formation within the cannula was not extensive. 
Because the cannulae were relatively long it was difficult to main­
tain the tubing with the TDJV shunts. As the calf moved, the tubing of­
ten would either be stretched or kinked. To increase the functional 
life and decrease the maintenance time of the lymph shunt, TDD shunts 
were established. These shunts were easier to maintain than TDJV shunts 
because less tubing was exteriorized (Figures 1 and 2) but the functional 
life of the shunt was not extended beyond that of the TDJV shunts by 
returning lymph directly to the duct (Table 1). Had it been necessary 
to maintain the HDD shunts for longer periods, lymph could have been re­
turned to a jugular vein catheter. This probably would have extended 
the life of the TDD shunts beyond that of the TDJV shunts. Failure of 
the TDD shunt was usually attributed to clotting of lymph, generally 
occurring first in the return cannula as was also the case for TDJV 
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Table 1. (Continued) 
Shunt& Calf no. Days patent Comment 
IDVC (continued) 6120 22 
6102 33 
7046 11 Bloody lymph 
mean = 21 
6181 7 Experiment terminated 
6214 10 t t  f t  
7088 10 t l  I f  
To increase the functional life of the TDJV shunt saline was flushed 
through the venous catheter twice daily for the first 5 days following sur­
gery and at more frequent intervals thereafter. If the venous catheter 
failed before completion of an experiment a second venous catheter was in­
serted either in the same vein or in the left jugular to prolong the shunt's 
patency. It was difficult to remove clots from the collection cannula. If 
a clot did form in the collection cannula, gentle suction was applied to 
the tube to try to remove the clots. This procedure proved to be reason­
ably successful only when clot formation within the cannula was not extensive. 
Because the cannulae were relatively long it was difficult to main­
tain the tubing with the TDJV shunts. As the calf moved, the tubing of­
ten would either be stretched or kinked. To increase the functional 
life and decrease the maintenance time of the lymph shunt, TDD shunts 
were established. These shunts were easier to maintain than TDJV shunts 
because less tubing was exteriorized (Figures 1 and 2) but the functional 
life of the shunt was not extended beyond that of the TDJV shunts by 
returning lymph directly to the duct (Table 1). Had it been necessary 
to maintain the TOD shunts for longer periods, lymph could have been re­
turned to a jugular vein catheter. This probably would have extended 
the life of the TOD shunts beyond that of the TDJV shunts. Failure of 
the TDD shunt was usually attributed to clotting of lymph, generally 
occurring first in the return cannula as was also the case for TDJV 
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shunts. It was difficult to flush clots out of the return cannula as 
excess pressure would rupture the duct. 
Intestinal duct-posterior vena cava (IDVC) shunts were established 
in eight calves and remained patent from 7 to 33 days. Intestinal duct-
duct (IDD) and intestinal duct-jugular vein (IDJV) shunts were estab­
lished in five calves and one calf, respectively, but were not satisfac­
tory because of their short functional life (Table 1). IDD shunts failed 
because of clot formation in the return cannula which was difficult to 
flush without rupturing the duct. Lymph flow through the IDD shunt was 
slowed by the poor aspiratory action of the return cannula. IDJV shunts 
were difficult to maintain because of the long length of tubing needed 
to connect the duct to the vein. 
IDVC shunts were easier to maintain than IDD or IDJV shunts because 
clotting in the return end of the IDVC shunt was never a serious problem, 
and only a short length of tubing was exteriorized. There was good as­
piratory action in the vena cava catheter. Sheath or thrombus formation 
on the catheter tip was never a serious problem. Failure of the IDVC shunt 
was usually caused by lymph clotting in the collection cannula. It was 
difficult to remove these clots while clots forming in the vena cava 
catheter were easily removed. 
TDJV shunts have been established in 9 (Chanana and Chronkite, 
1966), 15 (Joel and Sautter, 1963) and 13 (Shannon and Lascelles; 1967, 
1968a, 1969a, 1969b) calves and 3 cows (Hartmann and Lascelles, 1966) and 
have remained patent for 3 to 70, 7 to 18, 9 to 21 and 10 to 28 days, 
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respectively. Intestinal duct-jugular vein shunts have been established 
in 5 calves (Shannon and Lascelles; 1968a, 1969b) and have remained 
patent for 15 to 17 days. In the present study, thoracic duct shunts 
established in 26 and intestinal duct shunts established in 14 calves 
remained patent for 5 to 38 and 5 to 33 days, respectively (Table 1). 
The increased life of intestinal duct shunts is attributed to the 
technique of returning lymph to the posterior vena cava. By using a sharp 
bone tip the vena cava catheter was easily established with a minimum of 
damage to the vein wall. Sheath or thrombus formation on the venous end 
of the vena cava catheter was never a serious problem, but was the major 
cause of failure of jugular vein catheters. The vena cava catheter could 
be positioned in the vein such that there was a good aspiratory action 
in the catheter which facilitated lymph flow. This was not the case 
with the IDD shunts. It was easy to flush clots out of the vena cava 
catheter but rather difficult to remove clots from the return cannula 
of the TDD or IDD shunts without rupturing the duct. Also, vena cava 
catheters can be positioned near the intestinal lymph duct allowing the 
lymph shunt to be completed with a minimum of tubing exteriorized. Some 
recent preliminary results with one calf suggest the feasibility of es­
tablishing a thoracic duct-posterior vena cava shunt. 
Hargest et al. (1969) and Fish et al. (1969) developed lymph duct 
cannulae with irrigatable tips. By continually introducing heparin 
into the cannula through the irrigatable tip, Hargest et al. (1969) 
maintained thoracic duct fistulae in humans for more than 120 days. 
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When clots developed in the cpllection cannula, saline was flushed 
through the irrigatable tip. Vacuum was applied at. the other end of-
the collection cannula to help remove the clots. Since clot formation 
in the lymph shunt is usually the limiting factor in maintaining these 
shunts in calves, the continued infusion of heparin would undoubtedly 
increase the functional life of the lymph shunt. But it is well known 
that heparin causes release of lipoprotein lipase into the blood and 
this would be undesirable if one wre studying lipid absorption and 
metabolism. 
Lymph Collection 
Technique for lymph collection 
Lymph was continuously collected and simultaneously infused for up 
to 25 hr in 31 calves but with 10 of the calves not all the collections 
were completed (Table 2). Only those collections where the calves ap­
peared normal throughout the collection and consumed their diets were 
termed complete. Several times calves failed to drink when fed one hour 
after the collection was started. However,, this generally was not a 
problem. 
Table 2. Summary of lymph collection from calves during simultaneous in­
fusion of lymph or other solutions 
No. of lymph collections 
No. of calves Attempted Completed 
10 46 22 
21 46 46 
31 92 68 
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The major cause of incomplete lymph collections was an increased 
rate and depth of respiration (respiratory distress). The calf would 
droop its head and unless the infusion was halted, would lie down, place 
its head on the floor and refuse to get up. In most instances if this 
stress condition occurred it was exhibited within 1 hr after the collec­
tion was started. If the shunt was re-established at this time or if the 
lymph collection continued but lymph infusion was stopped, the calf would 
usually appear normal again within 5-15 min. At first air embolism was 
suspected, but careful examination of the infusion tubing showed that 
this was not the case. 
Attempts were made to eliminate this stress condition by replacing 
the anticoagulant sodium citrate with heparin, infusing lymph with a drip 
jar rather than infusion pump, varying the temperature of the infusion 
mixture, varying the rate .of infusion, infusing lymph alone, infusing 
various combinations of lymph and saline or allowing the lymph to remain 
outside the body for varying lengths of time before infusing it. These 
procedures were largely unsuccessful in eliminating the stress condition. 
It was difficult to establish a cause for the stress condition as cer- -
tain calves never exhibited it and others only infrequently. Nine lymph 
collections failed in calf 7109 but 9 collections were also completed 
with the calf eating, ruminating and moving about without appearing to be 
disturbed in the least by the lymph collections (Table 3). 
Lactated Ringer's solution was used in later collections to replace 
the lymph saved for analysis and appeared to reduce the incidence of in-
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complete collections. TXfo parts lactated Ringer's solution and one part 
5% casein hydrolysate in saline were used to replace the collected lymph 
in 27 collections with seven calves and only one collection was not com­
pleted. 
Lymph was circulated through the intact shunt without incident but 
in the process of opening the shunt, collecting the lymph and then in­
fusing it the calf occasionally was stressed. The stress condition ap­
peared to be associated with the infusion. The addition of lactated 
Ringer's solution to the infusate reduced but did not eliminate the in­
cidence of the stress condition. Generally, lymph collections have been 
made only for short times without infusing the collected lymph but Joel 
et al. (1967) and Schnappauf and Schnappauf (1967) did infuse the collected 
lymph in several calves and sheep, respectively, without incident. In 
the present study lymph collection and infusion were either without 
incident or it was quite obvious that the calf was stressed, in which case 
the collection and infusion were halted. 
Table 3. Success of lymph collections from calves where not all collections 
were completed 
No. of lymph collections 
Calf no. Attempted Completed 
7109 18 9 
5985 3 0 
5983 3 0 
6089 7 4 
7079 5 4 
7088 4 3 
7103 2 1 
7093 1 0 
6065 2 1 
6101 1 0 
46 22 
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Lymph pressure 
Lymph pressure was monitored in six calves (Table 4). The average 
lymph pressures measured at intervals on consecutive days in the intact 
TDJV, TDD and IDVG shunts regularly ranged from -7 to -11 mm Hg while 
the pulse pressures ranged from 8 to 15 mm Hg. IDD shunt lymph pres­
sures (+4 to 5 mm Hg) were higher than the pressures observed in the other 
shunts probably because of the resistance the return cannula presented 
to lymph flow. By positioning the lymph collection cannula tip about 
15 cm (7 cm for IDD shunts) below the point where the duct was cannulated, 
lymph pressure while collecting lymph was similar to the lymph pressure 
observed in the closed shunt. The lymph pulse pressure while collecting 
lymph was usually slightly lower than the pulse pressure observed in the 
closed shunt (Table 4). 
To determine the effect of collecting lymph at different pressures 
on lymph flow, lymph was collected at -10, 0 and +10 mm Hg by controlling 
the position of the collection cannula tip (Figures 7, 8, 9, and 10). 
The collection cannula tip was positioned 25 and 5 cm below and 5 cm 
above the duct to maintain lymph pressures of -10, 0 and +10 mm Hg, re­
spectively. Lymph flows of 523, 525 and 477 ml/30 min for -10, 0 and +10 
mm Hg lymph collections, respectively, were not significantly (P<0.05) 
different (Table 5). The lymph flow rate for the +10 mm Hg collection 
was lower than the values for -10 and 0 mm Hg collection primarily due 
to the lymph flows in Run 3 (Table 5). Collecting lymph at -10, 0, or 
+10 mm Hg changed the mean lymph pulse pressure very little (Table 6) and 
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Table 4. Lymph pressure in intact and open lymph shunts 
Calf Shunt^ Lymph pressure^ 
Intact shunt Open shunt 
Ave. Pulse Ave. Pulse Collection 
pressure pressure^ pressure pressure^ tip^  
(mm Hg) (mm Hg) cm 
7109 TDJV -7 11 -7 9 -15 
6126 TDD -8 10 -7 8 -14 
7116 IDVC -11 15 -9 12 -15 
6035 IDVC -7 8 -8 8 -15 
6119 IDD +5 6 +5 10 -6 
7122 IDD +4 10 +5 4 -7 
T^DJV - thoracic duct-jugular vein; TDD - thoracic duct-duct; IDVC -
intestinal duct-vena cava; IDD - intestinal duct-duct 
M^inimum of one 30 min observation on each of two consecutive days 
for each calf 
D^ifference between maximum and minimum lymph pressure 
D^istance below duct at which collection tip was positioned while 
collecting lymph from the open shunt 
did not appear to influence arterial blood pressure or respiration rate 
(Figures 7, 8, and 9). There was as much variation in blood pressure 
and respiration rate within a given collection period as was observed 
among collection periods. 
Figure 7. Lymph and blood pressure patterns and respiration rate in 
calf 7109 while collecting lymph and maintaining lymph 
pressure at -10 mm Hg by positioning the collection cannula 
tip 25 cm below the level of the duct 
LYMPH PRESSURE RESPIRATION RATE BLOOD PRESSURE 
mm Hg mm Hg 
Figure 8. Lymph and blood pressure patterns and respiration rate in 
calf 7109 while collecting lymph and maintaining lymph 
pressure at 0 mm Hg by positioning the collection cannula 
tip 5 cm below the level of the duct 
LYMPH PRESSURE RESPIRATION RATE BLOOD PRESSURE 
mm Hg mm Hg 
Figure 9. Lymph and blood pressure patterns and respiration rate 
in calf 7109 while collecting lymph and maintaining lymph 
pressure at +10 mm Hg by positioning the collection 
cannula tip 5 cm above the level of the duct 
LYMPH PRESSURE RESPIRATION RATE BLOOD PRESSURE 
-«,1%,; " : ™ "9 
Figure 10. Lymph and blood pressure patterns and respiration rate 
in calf 7109 while the lymph shunt was intact 
LYMPH PRESSURE 
mm H9 
RESPIRATION RATE BLOQD PRESSURE 
cn 
w 
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Table 5. Effect of collecting lymph at three different pressures 
on lymph flow 
Run^  Lymph collection pressure^  
(mm Hg) 
-10 0 +10 
(ml lymph/30 min) 
1 468 232 394 
2 419 668 544 
3 1039 912 653 
4 472 336 438 
5 377 523 435 
6 363 486 364 
c 
Means 523 525 477 
T^Vo 3x3 Latin squares; calf 7109 
L^ymph pressure controlled by position of lymph collection cannula 
tip 
Not significantly (P < 0, .05) different 
Table 6. Effect of collecting 
lymph pulse pressure 
lymph at three different pressures on 
Run^ Lymph collection pressure^ 
(mm Hg) 
-10 0 +10 
1 7 
(mm Hg) 
7 8 
2 7 6 6 
3 4 8 9 
4 9 7 8 
5 8 6 9 
6 7 6 9 
Means 7 7 8 
3 x 3  L a t i n  s q u a r e s ;  c a l f  7 1 0 9  
l>Lymph pressure controlled by position of lymph collection cannula tip 
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Hall et al. (1965) measured thoracic duct lymph pressure in sheep 
and found the mean pressures in the intact shunt were characteristically 
between 3 and 5 mm Hg while the lymph pressure in the intestinal duct 
while collecting lymph varied from 1 to 12 mm Hg. These values are 
slightly higher than the lymph pressures obtained with calves in the 
present study although there were instances when lymph pressure measure­
ments in calves fell within the range observed with the sheep. Some of 
the differences in intestinal lymph pressures observed could be accounted 
for by the fact that the collection catheter tip for collecting intestinal 
lymph was adjusted to a horizontal plane through the head of the humerus 
of the standing sheep (Hall et al., 1965) and this was higher than the 
tip was positioned while collecting intestinal lymph from calves (Table 
4). Thoracic duct lymph pressure recorded from a human with a thoracic 
duct fistula was 30-35 mm Hg (Tilney and Murray, 1968); however, the 
position of the collection tip and method of measurement were not stated, 
making lymph pressure comparisons difficult. 
Lymph pressure was maintained at a level similar to that ob-
served in the-intact shunt when the collection cannula tip was posi­
tioned about 15 cm below the level of the duct. Also,' varying . 
the position of the collection tip from 25 cm below to 5 cm above 
the level of the duct did not change lymph flow rate significantly. Thus, 
in all subsequent lymph collections, the collection cannula tip was 
positioned about 15 cm below the level of the duct. Even when the calf 
was lying down, the collection tip was well within 25 cm below to 5 cm 
above a horizontal plane through,the duct. 
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Lymph, pressure patterns were quite similar whether recordings were 
made on the intact shunt or while collecting lymph (Figure 11). Small 
changes in lymph pressures were recorded when the calf moved about and 
occasional spikes in the pressure recordings were due to movements of 
the transmission line. The effects of respiration on lymph pressure 
are evident in Figure 7. Some of the small spikes in lymph pressure 
recordings correspond to the spikes observed in the blood pressure 
recordings. Similar findings have been reported by Hall et al. (1965) 
with sheep. 
Lymph drainage 
Thoracic duct lymph was continuously collected from calves 5983 and 
7109 for 11 and 24 hr, respectively, without infusing lymph or other 
solutions. During this time the calves were allowed access to saline 
(0.9 g NaCl/100 ml water) and drank 7 (5983) and 10 (7109) liters while 
10 (5983) and 14 (7109) liters of lymph were collected. Lymph flew rate 
varied only slightly with time as can be seen in Table 7. Also lymph 
lipid concentration and output remained fairly constant throughout the 
collection indicating that lipid absorption from the intestine was not 
decreased by continued lymph drainage for 12-24 hr. However, lymph 
protein concentration and output decreased about 70% (5983) and 40%. 
Further, the hematocrit increased from:.30zto 42 while the plasma volume 
decreased from 10.3 to 6.3 ml/100 g body wt (Table:8). • v ' . 
Lymph pressure pattern in calf 6126 while collecting lymph 
from the thoracic duct (above) and in calf 7116 with an 
intact intestinal duct-posterior vena cava shunt (below) 
LYMPH PRESSURE LYMPH PRESSURE 
mm Hg *^9 
+ I 
K 5 
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Table 7. Effect of continuous thoracic duct lymph drainage on lymph 
flow, lipid and protein* 
Calf Hr Lymph flow Lymph lipid Lymph protein 
ml/hr g/100 ml g/hr g/100 ml g/hr 
1 815 0.72 5.87 4.55 37.08 
3 665 0.58 3.86 4.23 28.13 
5 625 0.55 3.44 2.87 17.94 
7 495 0.54 2.67 2.94 14.55 
9 1010 0.61 6.16 1.77 17.88 
11 860 0.46 3.96 1.62 13.93 
1 600 0.49 2.94 3.06 18.36 
12 615 0.51 3.14 1.83 11.25 
24 565 0.48 2.71 1.56 8; 81 
L^ymph was continuously drained from 5983 and 7109 for 11 and 24 
hr, respectively, without infusing lymph or other solutions. Each 
calf had access to saline.(0^ 9.g NaCl/100 ml water); 5983 drank 7 liters 
and 7109 drank 10 liters 
Table 8. Effect of continuous thoracic duct lymph drainage on hemato­
crit, plasma volume, and blood volume 
Calf Day® Hr Hematocrit Plasma volume Blood volume 
ml/100 g body wt ml/100 g body wt 
7109 1 30 9.7 13.9 
2 1 30 10.3 14.7 
12 37 6.8 10.8 
24 42 6.3 10.9 
®Day 1 - not collecting lymph; Day 2 - 24 hr continuous lymph 
collection 
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A decrease in thoracic duct lymph protein concentration (Yoffey 
and Courtice, 1956), as well as ingestion of saline (Barrowman and 
Roberts, 1967), will cause an increase in lymph flow in cats and rats. 
The decrease in lymph protein concentration and the consumption of saline 
may have been offset by the loss of body fluids, resulting in a fairly 
constant lymph flow for the calves in the present study. 
Intestinal lymph from four milk-fed calves was continuously collected 
for 16 13-hr periods and the average lymph flow was 323 ml/hr (4.2 ml/ 
hr X kg). Rather than infuse lymph two parts lactated Ringer's solution 
and one part 5% casein hydrolysate in saline were infused at a constant 
rate of 200 ml/hr. When lymph was infused at a rate approximately equal 
to the flow while collecting intestinal lymph from three milk-fed calves 
the average flow was 429 ml/hr (4.4 ml/hr x kg). The hourly variation 
in lymph flow with time after feeding was similar for the two groups 
of calves (Tables 20 and 22 in the Appendix). 
These data suggest it is not necessary to infuse the collected 
lymph to maintain lymph flew for 13-24 hr. Consequently lymph drainage 
could allow one to study lymphatic absorption and transport of labeled 
compounds without being concerned about the recirculation of the compound. 
Lymph Flow 
Lymph flow progressively increased for 2-4 days following surgery. 
By 4 days after surgery all animals were back on full-feed but lymph 
flow collections were not initiated until at least 6 days after surgery 
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to assure complete recovery. All lymph collections were continuous and 
mean lymph flows were derived from a series of 13-hr total lymph col­
lections. Except when stated otherwise, the collected lymph was sampled 
and that not sampled returned to the animal along with a volume of lac-
tated Ringer's solution equal to the sample volume. 
Ifean lymph flows from the thoracic or intestinal lymph ducts of 
calves fed either only whole milk or hay and grain are presented in Table 
9. Seven calves were fed whole milk while six were fed hay and grain. 
Lymph was collected from the thoracic duct (TDM or TDHG) or intestinal 
duct (IDM or 1DH6). The average age and weight of the four groups of 
calves were similar. Lymph flow averaged 695, 899, 429, and 517 ml/hr 
for the TDM, TDHG, IDM, and IDHG calves, respectively. Expressing lymph 
flow on a body weight basis, the values were 7.6, 10.2, 4.4, and 5.2 ml/hr 
X kg for the TDM, TDHG, IDM, and IDHG calves. There was a significant 
(P ^  0.05) effect due to treatment on mean lymph flow from the four 
groups of calves (Table 10). 
Joel et al. (1967) continuously collected and simultaneously infused 
thoracic duct lymph in calves fed whole milk, hay, and grain and weighing 
55 to 75 kg; the flow rate was between 4.5 and 10 ml/hr x kg. Thoracic 
duct lymph flow in the present study averaged 7.6 and 10.2 ml/hr x 
kg for the TDM and TDHG calves, respectively. Cook eïi al. (1969) col­
lected lymph from 20-week-old calves fed hay and grain while simultaneous­
ly infusing a mixture (equal volumes of Krebs-Ringer solution, 5% casein 
hydrolysate in normal saline and lymph) approximately equal in volume 
to the lymph collected and observed lymph flows, from 3.8 to 11.1 ml/hr x kg. 
Table 9. Thoracic and intestinal duct lymph flow from calves fed either whole milk or hay 
and grain 
Treatment* No. of^ Av. age Av. wt. No. of lymph® Lymph flow 
No. Duct cannulated Diet calves (weeks) (kg) collections ml/hr^ ml/hr x kg 
1 TD M 4 12 91 6 695 + 27 7.6 
2 TD HG 4 12 88 9 899 + 25 10.2 
3 ID M 3 14 97 6 429 + 31 4.4 
4 ID HG 2 12 99 5 517 + 38 5.2 
^Treatment 1 - thoracic duct cannulated, fed whole milk (TDM); 2 - thoracic duct cannulated, fed 
hay and grain (TDH6); 3 - intestinal duct cannulated, fed whole milk (IDM); 4 - intestinal duct can­
nulated, fed hay and grain (IDHG) 
^Calves in treatment 1 - 5813, 6101, 6126, and 7093; calves in treatment 2 - 6089, 7109, 5807 
and 6065; calves in treatment 3 - 6119, 1005 and 7116; treatment 4 - 6102 and 7122 
E^ach lymph collection was for 13 hr 
^Mean + standard error 
Table 10. Statistical analysis^ of lymph flow, lipid and protein concentration and lipid and pro­
tein output in the lymph of calves fed either whole milk or hay and grain 
Analysis of variance 
Mean squares 
Source df 
Lymph 
flow 
Lipid 
concentration 
Lipid 
output 
Protein 
concentration 
Protein 
output 
Treatments^ 3 1,036, ,518. 66* 31. 63** 385. ,22* 5. 46NS 1081, .46* 
Animals/trt 10 183, ,770. 17 1. ,61 71. 70 4. ,71 226. 96 
Hour^  6 57, ,214. ,46** 0. 57** 6. 17*8 0. ,22** 123. 66** 
Hour X trt 18 4, ,397. 92NS 0. 21^3 4. 79NS 0. ,03^8 11. 37NS 
Error 57 10, ,442. ,34 0. 16 5. 52 0. ,05 18. 57 
^Split-plot design - • 
bSee Table 9 
^Analysis was on hours 1, 3, 5, 7, 9, 11 and 13 of each 13 hr collection 
*P <0.05 
**P < 0.01 
^^Not significant 
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Shannon and Lascelles (1967, 1968a) collected thoracic duct lymph for 
a .period of 2-3 min/hr in 4-7 day old milk-fed calves and observed a 
flow of 9.7 ml/hr x kg. Intestinal duct lymph flow from 8-20 week old 
calves fed milk or hay and grain averaged 4.4 and 5.2 ml/hr x kg in the 
present study while Shannon and Lascelles (1968a) observed a flow of 
8.25 ml/hr x kg in week-old milk-fed calves. 
That thoracic duct lymph flow is greater in the young than in the 
adult was observed by Yoffey and Courtice (1956). Thoracic duct lymph 
flow in calves in the present study, as well as most other reported 
values for calves, are within the range of 5-11 ml/hr x kg while thoracic 
duct lymph flow from cows (Hartmann and Lascelles, 1965) averaged 3-5 ml/hr 
X kg. Shannon and Lascelles (1968a) reported higher values for intestinal 
duct flow than were observed in the present study but their calves were 
about 1 week of age; those used in the present study averaged 12 weeks of 
age. Differences in age may account for part of this discrepancy. 
Mean lymph flow from the intestinal duct was significantly (P<0.01) 
lower than from the thoracic duct of calves (Table 11). Intestinal duct 
flow averaged about 60% of thoracic duct flow in the present study 
whether the calves were fed milk or hay and grain. Shannon and Lascelles 
(1968a) reported that intestinal flow averaged about 85% of thoracic duct 
flow in week-old milk-fed calves. The intestinal duct contributed about 
50, 64, and 63% to the volume of thoracic duct lymph flew in adult sheep, 
cats, and 1-3 week-old calves fed skimmilk, respectively (Lascelles and 
Morris, 1961a; Morris, 1956, Shannon and Lascelles, 1969b). There is a 
Table 11. Effect of diet fed and lymph duct cannulated on lymph flow in calves 
Diet effect* 
Lymph flew—toy grain diet * 
Duct effect 
Treatment Lymph flow-milk diet Treatment^  Lymph flow-intestinal duct 
Lymph flow-thoracic duct 
100 
IDM 
IDH6 
83% IDM 
TDM 
62% 
TDM 
TEH6 
Milk diet 
Hay grain diet 
77% 
80%** 
IDHG 
TDHG 
Intestinal duct 
Thoracic duct 
58% 
60%** 
The diet x duct interaction was not significant for lymph flow according to the t-test 
bgee Table 9 
**P<0.01, t-test 
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paucity of information on thoracic and intestinal duct flow rates in 2-8 
week-old calves. Possibly the intestinal contribution to thoracic duct 
lymph decreases as the animal gets older. 
Mean lymph flews from calves fed whole milk were significantly 
(P<0.01) lower than from calves fed hay and grain (Table 11). Both 
thoracic and intestinal duct lymph flow in milk-fed calves averaged 80% 
of that from hay and grain-fed calves. Yoffey and Gourtice (1956) ob­
served that thoracic duct lymph flow/hr x kg in ruminants was somewhat 
higher than that observed in non-ruminants. Although the milk-fed and 
hay and grain-fed calves were of similar age and weight, the comparative 
body fluid balance in these calves was not determined. Variations in 
body fat level and gastrointestinal fill are two factors that might in­
fluence body fluid balance and lymph flow in calves fed milk or hay and 
grain. Simmonds (1955) and Shannon and Lascelles (1969a) indicated that 
fat absorption promotes lymph formation. The calves fed milk absorbed 
2-3 times more lipid than calves fed hay and grain (Table 13), but calves 
fed hay and grain had higher lymph flow rates in the present study. 
Mean hourly lymph flows for each of the four groups of calves are 
presented in Tables 18, 19, 20, and 21 in the Appendix and are shown 
graphically in Figure 12. There was a significant (P<0.01) variation 
with hour in lymph flow (Table 10). Calves fed milk had the lowest flow 
the hour before feeding (hour 1 or 13 as these calves were fed once 
every 12 hr) and the flow increased to reach a peak 1 to 5 hr after feed­
ing. Starting about 7 hr after feeding milk, lymph flow steadily declined 
Figure 12. A comparison of lymph flow in calves fed whole milk twice 
daily with thoracic (TDM) or intestinal (IDM) lymph 
shunts and in calves fed hay and grain ad libitum with 
thoracic (TDH6) or intestinal (IDHG) lymph shunts. The 
arrow (4-) indicates the time at which the calves were 
fed milk 
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until the 13th hr of lymph collection. The lymph flow patterns for 
calves fed milk were similar whether thoracic or intestinal duct lymph 
was collected. Shannon and Lascelles (1967, 1969b) also observed a sig­
nificant variation in thoracic and intestinal duct lymph flow with time 
after feeding when their calves were fed milk twice a day. Further, 
when milk was fed only once a day they observed an even more marked in­
crease in lymph flow after feeding. The immediate increase in lymph 
flow after feeding milk may be attributed to the absorption of water 
from the intestine (Lee, 1969) and the later more prolonged increase in 
flow attributed to lipid absorption (Simmonds, 1955 and Shannon and 
Lascelles, 1969b). 
Although lymph flow varied about the same percentage (minimum flow 
to maximum flow) in hay and grain-fed calves as it did in milk-fed calves 
(Table 12), there was no diurnal pattern in flow from hay and grain-fed 
calves that could be associated with feed intake. Hartmann and Lascelles 
(1966) also observed no consistent diurnal pattern in thoracic duct lymph 
flow from grazing cows. 
Table 12. Range of thoracic and intestinal lymph flow values observed 
in calves fed milk or hay and grain 
Treatment^  Minimum lymph flow 
ml/hr hr 
Maximum lymph flow 
mi/hr hr 
Percentage change^  
TDHG 763 1 1021 8 34% 
TDM 552 1 801 5 45% 
IDHG 410 10 633 3 54% 
IDM 328 I3C 510 2 55% 
S^ee Table 9 
M^aximum flow minus minimum flew ^  J Q^ Q  
Minimum flow 
O^ne hour before next feeding of milk 
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Ml tSae calves were ugmally most active from ab«mt the- 3rd througgi 
#e liQtk hr «£ the collections. Snurissg this time other calves in the 
&@r% were being fed @*W cared for and the overall activity and noise 
level was higher than <*served either at the beginning or end of the 
collection periods. This increased activity of the calves possibly con­
tributed somewhat to the higher lyc^h flow generally observed during this 
tiae, 
lyo^h collected from calves 7046 and 6042 was tinged red from the 
time the shunts were established until they plugged (Table 1), indicating 
the presence of red blood cells and the possibility of direct lymphatic-
venous connections. When Heath (1964, 1969) obstructed the thoracic 
duet, anastooatic connections developed between the hemiazygos vein or 
intercostal veins and the thoracic lyiq>h duct. In the present study, 
if a second thoracic duct was observed on the left side of the aorta, it 
wag tied off. Usually the left duct, if present, was much smaller than 
the right duct, and it was assumed that the lymph flowing through the 
left duct would be shunted to the right duct after ligation of the left 
duct* But, it was not established that the lymph actually was shunted 
to the other duct. It is possible that lymphatic-venous connections 
were established. When either the thoracic or intestinal duct was blocked, 
the calves exhibited little sign of discomfort. Shannon and Lascelles 
(1967) also observed this and suggested that direct communications be­
tween the lymph and blood started to function as soon as pressure in the 
thoracic duct increased. This emphasizes the importance of maintaining 
a free flow of lymph in the shunts at all times. 
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Lipid Absorption 
Mean lymph lipid concentrations from the thoracic or intestinal 
lymph ducts of calves fed either whole milk or hay and grain are pre­
sented in Table 13. There was a significant (P<0.01) effect due to 
treatment on mean lymph lipid concentration when comparing the four 
groups of calves (Table 10). The lymph lipid concentration averaged 
1.45, 0.50, 3.14, and 0.7 9 g/100 ml lymph for the TDM, TDH6, IDM, and 
IDHG calves, respectively. Shannon and Lascelles (1967, 1968a) fed 
whole milk to calves and observed that thoracic duct lymph averaged 
2.6 g lipid/100 ml lymph and the intestinal duct lymph averaged 3.43 
g lipid/100 ml lymph compared with 1.45 and 3.14 g lipid/100 ml lymph 
from the thoracic and intestinal ducts, respectively, of milk-fed calves 
in the present study. Felinski et al. (1964) fed hay and grain to adult 
sheep and reported 0.89 g lipid/100 ml thoracic duct lymph and 1.03 g 
lipid/100 ml intestinal duct lymph. Thoracic duct lymph from cows fed 
hay, grain, and pasture had 1.1 g lipid/100 ml lymph (Hartmann and Las­
celles, 1966). These values for adult animals fed hay and grain are 
higher than those observed with young calves in the present study. This 
discrepancy might be explained by the fact that lymph flow possibly de­
creases (with age) to a greater extent than lipid intake on a body weight 
basis, resulting in an increased (compared with the young) lymph lipid 
concentration in the adult fed hay and grain. 
Output of lipid from the thoracic duct averaged 9.70 and 4.50 g/hr 
while the output from the intestinal duct averaged 13.47 and 4.06 g/hr 
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for milk-fed and hay and grain-fed calves, respectively (Table 13). 
%ere was a significant (P^ O.05) effect due to treatment when comparing 
lipid output from the four groups of calves (Table 10). Lipid output in thor­
acic duct Ijnnph. of cows fed hay^  grain, and.ipasture averaged 15-20 g/hr (Hart­
mann and Lascelles, 1966) while calves fed hay and grain in the present ex-
ip^ 'iment averaged 4.50 g lipid output in thoracic duct lymph/hr. Although the 
lipid intake of the cows was not known, considering.that the cows weighed 
about four times as much as the calves, these values may be in fairly 
good agreement. It was estimated (assuming 3% lipid in the total ration) 
that the hay and grain-fed calves consumed approximately 90-120 g lipid/ 
24 hr. Lipid output from the intestinal duct of calves fed hay and 
grain was almost as great as that from the thoracic duct indicating that 
the intestinal duct contributes most of the lipid found in the thoracic 
duct. 
Unfortunately the milk-fed calves with thoracic duct shunts were 
fed milk with 3.0% fat while those with intestinal ducts were fed milk 
with 3.8% fat. Lipid output in the thoracic duct was less than output 
Table 13. Thoracic and intestinal duct lymph lipid concentration and 
output from calves fed either whole milk or hay and grain 
Treatment^  Lymph lipidb 
Concentration Output 
(g/100 ml lymph) (g/hr) 
TDM 1.45 i 0.12 9.70 + 0.74 
TEH6 0.50 + 0.10 4.50 ± 0.70 
IDM 3.14 + 0.13 13.47 + 0.86 
IDH6 0.79 + 0.16 4.06 + 1.04 
S^ee Table 9 
b 
Mean * standard error 
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in the intestinal duct of these calves. This discrepancy was probably 
due to the differences in lipid content of the milk fed. Since Heath 
et al. (1964) observed only small amounts of fatty acids with chain-length 
less than 12 in the intestinal lymph of lambs fed cow's milk, it was 
assumed that fatty acids with chain-length less than 12 are absorbed and 
transported by way of the portal vein. If the composition of the milk 
fed in the present study was similar to the composition of cow's milk 
reported by Jensen et al. (1967), then approximately 290 and 370 g of 
lipid with long-chain fatty acids were ingested by the milk-fed calves 
with thoracic and intestinal ducts, respectively. One can also calculate 
that about 83% of the ingested lipid (long-chain) appeared in the lymph 
and this value agrees with results obtained by Shannon and Lascelles 
(1967). 
Endogenous lymph lipid output may approach 1 g/hr (Shannon and 
Lascelles, 1969b). Redgrave (1967) found evidence of an increased out­
put of non-dietary lipid in the lymph during fat absorption in rats. The 
effect of fatty acid chain-length on fatty acid absorption via the lymph­
atic system versus portal absorption also has not been completely eluci­
dated in milk-fed and hay and grain-fed calves. Unless labeled lipids 
are fed, one can only approximate the percentage lipid absorbed via the 
lymphatic system. 
The effect of diet and lymph duct cannulated on lymph lipid con­
centration and output in calves is compared in Table 14. Calves fed 
milk had a significantly (P < 0.01) higher lipid concentration and output 
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in the lymph than did calves fed hay and grain. Comparing intestinal 
lymph with thoracic lymph it was observed that intestinal lymph had a 
significantly (P <0.01) higher lipid concentration but there was not a 
significant difference in lipid output between the two ducts. There 
was a significant (P < 0.01) diet x duct interaction for lipid concen­
tration but not for lipid output in the lymph. Had milk of equal fat 
percentage been fed to both groups of milk-fed calves, the interaction 
may not have been present. Shannon and Lascelles (1967, 1968a) fed 
milk to calves and reported that intestinal lymph lipid concentration 
was 33% higher than thoracic lipid concentration. The value was 117% for 
milk-fed calves and 58% for calves fed hay and grain in the present 
study. That there was not a significant difference in lipid output from 
the ducts again emphasizes that the intestinal duct contributes most of 
the lipid found in the thoracic duct. 
Mean hourly lymph lipid concentration and output are presented in 
Tables IS, 19, 20, and 21 in the Appendix and are shown graphically in 
Figures 13, 14, 15 and 16. There was a significant (P <0.01) variation 
with hour in lymph lipid concentration but not in lipid output (Table 10). 
Shannon and Lascelles (1967) also found little change in lipid output 
with time when calves were fed milk twice daily, but with once daily 
feeding, there was a definite pattern of change. However, even with once 
daily feeding the total lipid output the second 12 hr after feeding was 
similar to that observed the first 12 hr after feeding. This emphasizes 
the continuous nature of lipid absorption in milk-fed calves. Shannon 
Figure 13. Lymph flow, lipid concentration and output, and protein 
concentration and output from milk-fed calves with thoracic 
duct cannulae. The arrow (4*) indicates the time at 
which milk was fed 
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Figure 14. Lymph flow, lipid concentration and output, and protein 
concentration and output from hay and grain-fed calves 
with thoracic duct cannulae 
i 
(g/HR) 
 ^ Is  ^oi oo oi uio 
T—I—TT T—i-TTT 
iism 
ro 
CM 
4^  
CJ> 
<j> 
-H 
i^, 
>^ 00 
5 
F) 
OJ 
iTfMïiï''T''T 
itefâ 
(g/HR) '-"'"^(g/IOOml) 
i §g ocji g o 
LYMPH FLOW 
_ (ml/HR) _ 
P->j {D O (j>cn o CJ1 
biO o O 
1—r 1 » * II 
1 
'•C , 
' •  
vO 
O 
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Table 14. Effect of diet and lymph duct cannulated on lymph lipid concentration and output in 
calves 
Diet effect^  Duct effect 
Treatment Lymph lipid-milk diet 
Lymph lipid-hay grain diet * 
Treatment Lymph lipid-intestinal duct ^  
Lymph lipid-thoracic duct 
Concentration Output Concentration Output 
IDHG 
397% 332% IDM 
TDM 
217% 139% 
TDM 
TDHG 
290% 216% IDHG 
TDHG 
158% 90% 
Milk diet 
Hay grain diet 344%** 
277%** Intestinal duct 
Thoracic duct 
187%** 114%N8 
T^here was a significant (P < 0.01) diet x duct interaction for lipid concentration but not for 
lipid output according to the t-test 
S^ee Table 9 
**P<0.01, t-test 
®^Not significant, t-test 
96 
and Lascelles (1967) associated this prolonged absorption with the 
formation of a firm casein curd (with entrapped milk fat) in the abomasum 
and its slow release into the small intestine. Phillipson and Ash (1965) 
observed that the rate of passage of digesta from the abomasum of sheep 
fed ad libitum did not vary greatly throughout the day. The rate of 
lymph lipid output was probably related to the rate of passage of digesta 
from the abomasum. 
In the present study the rate of lymph flow and lipid concentration 
within treatment group (TDM, TDH6, IDM, and 1DH6) and hour were not 
significantly correlated (r = -0.08) but lymph flow and lipid output 
were significantly correlated (r = 0.49, P < 0.01). The rate of lymph 
flow and concentration of total esterified fatty acids (T.E.F.A.) for each 
cow in a study by Hartmann and Lascelles (1966) were inversely correlated 
(r = -0.49, P < 0.01). 
Protein Transport 
Mean thoracic and intestinal lymph protein concentration and output 
from calves fed whole milk or hay and grain are presented in Table 15. 
The protein concentration in the lymph of TDM, TDH6, IBM, and IDHG calves 
was 4.04, 3.66, 4.63, and 4.89, g /I00 ml lymph, respectively. There was 
a nonsignificant effect due to treatment on protein concentration in 
the lymph of the four groups of calves (Table 10). Protein concentra­
tion in thoracic duct lymph was 3.66 and in intestinal lymph 4.02 g/100 
ml lymph in milk-fed calves (Shannon and Lascelles, 1969b). Hartmann 
and Lascelles (1966) observed that thoracic duct lymph protein concentra-
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Table 15. Thoracic and intestinal duct lymph protein concentration and 
output from calves fed either whole milk or hay and grain 
Treatment^  Lymph protein^  
Concentration Output 
(g/100 ml lymph) (g/hr) 
TDM 4.04 i 0.16 27.21 ± 1.88 
TDHG 3.66 i 0.15 32.81 ± 1.25 
IDM 4.63 ± 0.19 19.86 i 1.54 
IDH6 4.89 i 0.23 25.37 ± 1.33 
S^ee Table 9 
M^ean + standard error 
tion in one dry cow was 3.95 and in two lactating cows 2.99 g/100 ml 
lymph. The lymph protein output averaged 27.31, 32.81, 19.86, and 
25.37 g/hr for the TDM, TDH6, IDM, and 1DH6 calves, respectively. While 
lymph protein concentration was not significantly different for the four 
groups of calves, there was a significant (P < 0.05) difference in lymph 
protein output (Table 10) probably due to the differences in lymph flow. 
The concentration of protein in the intestinal duct was significantly 
(P < 0.01) higher than the concentration in the thoracic duct. Also, mean 
lymph protein concentration was significantly (P<0.05) higher in milk-
fed than in hay and grain-fed calves (Table 16). There was a significant 
(P ^  0.01) diet X duct interaction with lymph protein concentration. In 
light of this interaction and the fact that the overall treatment effect 
on lymph protein concentration was not significant (Table 10) the sig-
Table 16. Effect of diet fed and lymph duct cannulated on lymph protein concentration and output 
in calves 
Diet effect^  Duct effect^  
Treatment^  Lymph protein-milk diet x 100 Treatment^  Lymph protein-intestinal duct 
Lymph protein-hay grain diet Lymph protein-thoracic duct  ^
Concentration Output Concentration Output 
™ÎL 95% 83 134% 77% 
TDHG TDHG 
T^here was a significant diet x duct interaction for protein concentration but not for protein 
output according to the t-test 
S^ee Table 9 
*P < 0.05, t-test 
**P <r0.01, t-test 
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nificance of the^ iet effect on lymph protein concentration is question­
able. This is especially true since the difference in protein concen­
tration between the two diets was only 2%. That a difference in lymph 
protein concentration between the two ducts occurs, is supported by 
Shannon arid Lascelles (1969b) who observed a 11% higher protein concen­
tration in the intestinal duct lymph than in the thoracic duct lymph of 
milk-fed calves. This is in close agreement with the value of 15% found 
in the present study. 
Figures 13, 14, 15, and 16 show graphically the hourly variation 
in mean protein concentration and output for the four groups of calves. 
(The numerical values may be found in Appendix Tables 18, 19, 20 and 
21). This variation was significant (Table 10). The rate of lymph 
flow and protein concentration within treatment group (TDM, TDHG, IDM, 
and IDHG) and hour were inversely correlated (r = -0.49, P < 0.01) 
while lymph flow and protein output were positively correlated (r = 0.49, 
P < 0.01). Shannon and Lascelles (1968a) observed this same general trend. 
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SUMMARY 
The thoracic or intestinal lymph duct was successfully cannulated 
in 40 calves. To maintain body fluid balance shunts were established by 
returning the lymph directly to the duct cannulated, to the jugular 
vein, or to the posterior vena cava. The most satisfactory route for 
lymph return was via the posterior vena cava because a minimum length 
of tubing was exteriorized, clotting in the venous end of the vena cava 
catheter was never a serious problem, and there was a good aspiratory 
action in the vena cava catheter. 
To maintain body fluid balance while continuously collecting lymph 
for 12-24 hr, the collected lymph was sampled and that portion notnicluded in 
the sample was returned to the animal. Lactated Ringer's solution was used 
to replace the sampled lymph. Lymph pressure similar to that in the 
«... 
intact shunt was maintained(by positioning the collection catheter tip 
about 15 cm below the level of the duct. : 
Lymph flow from the thoracic and intestinal lymph ducts of calves 
fed whole milk averaged 695 and 429 ml/hr, respectively, while lymph flow 
from the thoracic and intestinal lymph ducts of hay and grain-fed calves 
averaged 899 and 517 ml/hr, respectively. Lymph flow increased after 
feeding whole milk but calves fed hay and grain showed no consistent 
diurnal pattern in lymph flow associated with feed intake. 
Lymph lipid concentration in the thoracic and intestinal ducts of 
milk-fed calves averaged 1.45 and 3.14 g/100 ml while lipid output averaged 
9.70 and 13.47 g/hr, respectively. Thoracic and intestinal lymph lipid 
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concentration in calves fed hay and grain averaged 0.50 and 0.79 g/100 ml 
while lipid output averaged 4.50 and 4.06 g/hr, respectively. The in­
testinal duct contributed most of the lipid in the thoracic duct. 
Lymph flow and lipid output were significantly correlated (r = 0.49, 
P < 0.01). 
Thoracic and intestinal duct lymph protein concentration in milk-
fed calves averaged 4.04 and 4.63 g/100 ml while protein output in the 
lymph averaged 27.31 and 19.86 g/hr, respectively. Lymph protein con­
centration from the thoracic and intestinal ducts of calves fed hay and 
grain averaged 3.66 and 4.89 g/100 ml while protein output averaged 
32.81 and 25.37 g/hr, respectively. Lymph flow and protein concentra­
tion were inversely correlated (r = -0.49, P < 0.01) while lymph flow 
and protein output were positively correlated (r = 0.49, P< 0.01). 
Techniques developed in the present study should provide a useful 
tool to study lymphatic physiology further. The role of the lymphatic 
system in lipid absorption in the absence of bile or intestinal protein 
synthesis is not clear. It is not known why immunoglobulin absorption via 
the lymphatic system ceases soon after birth. By combining lymph collec­
tions with portal vein blood samples and flow the relative contribution of 
the lymphatic system to nutrient absorption and transport could be further 
delineated. 
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Table 17. Data on calves in which lymph shunts were successfully es­
tablished 
Calf Breed* Sex Age Wt. Dietb Shunt 
no. (wks) (Kg) 
7092 H M 12 70 SM+L TOD 
6061 H F 10 75 SM+L TDD 
7093 H M 7 75 M TDD 
6101 H M 8 76 M TDD 
6089 H M 8 87 HG TDD 
6065 H M 8 70 HG TDD 
7059 H M 8 84 M TDD 
5985 H M 16 110 HG TDD 
6088 H F 9 90 M TDD 
6983 J M 12 93 HG TDD 
7101 H M 20 125 HG TDD 
1111 H M 21 124 HG TDD 
7042 H M 15 104 HG TDD 
5861 H M 22 138 HG TDD 
6126 H M 13 92 M TDD 
6030 H M 4 50 M TDJV 
7079 H'H M 8 70 SM TDJV 
7088 H M 8 87 SM+L TDJV 
7040 H F 10 82 SM+L TDJV 
5813 H M 19 120 M TDJV 
7103 H M 9 57 HG TDJV 
5807 H M 18 87 HG TDJV 
5806 J M 17 80 HG TDJV 
6042 H M 8 84 HG TDJV 
7109 H M 14 105 HG TDJV 
7068 H F 9 73 HG TDJV 
6119 H M 12 126 M IDD 
1005 H F 12 82 M IDD 
7122 H M 12 90 HG IDD 
7095 H M 12 85 M IDD 
1090 H M 11 88 M IDD 
- Holstein, J - Jersey, H'H - Holstein Hereford cross 
 ^- whole milk, HG - hay and grain, SM - skimmilk, SM+L - skimmilk 
+ lipid 
c 
TDD - thoracic duct-duct; TEJV-thoracic duct-jugular vein; IDD-
intestinal duct-duct; IDJV - intestinal duct-jugular vein; IDVC - in­
testinal duct-posterior vena cava 
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Table 17. (Continued) 
Calf Breed® Sex Age Wt. Diet^  Shunt^  
no. (wks) (Kg) 
6103 H M 19 148 H6 injv 
7166 H F 10 82 M IDVC 
6035 H M 7 76 M IDVC 
6120 H M 11 90 M- IDVC 
6102 H F 16 108 HG IDVC 
7046 H F 8 64 M IDVC 
6181 J M 22 114 HG IDVC 
6214 J M 18 100 HG IDVC 
7088 H F 8 60 M IDVC 
Table 18. Lymph flow, lipid concentration and output, and protein con­
centration and output from whole milk-fed calves^  with 
thoracic duct cannulae 
Hour of col­
lection^  
- Lymph 
flowc 
ml/hr 
Lipid 
concentration^  
g/100 ml lymph 
Lipid 
output*^  
g/hr 
Protein 
concentration^  
g/100 ml lymph 
Protein 
output^  
g/hr 
1 552 + 44 1.86 + 0.25 10.27 4.29 + 0.17 23.68 
2 723 + 130 -
-
-
-
3 731 + 131 1.30 + 0.20 9.50 4.10 + 0.33 29.97 
4 783 + 122 - -
- -
5 801 + 129 1.23 + 0.19 9.85 3.97 ± 0.31 31.80 
6 784 + 111 
- -
-
-
7 769 + 130 1.29 + 0.28 9.92 3.89 ± 0.28 29.91 
8 740 + 104 
-
-
-
-
9 680 + 85 1.46 ± 0.35 9.93 4.01 + 0.26 27.27 
10 665 + 78 -
-
- -
11 629 + 74 1.56 + 0.41 9.81 3.88 + 0.23 24.41 
12 599 + 78 
- - - -
13 582 + 84 1.48 + 0.17 8.61 4.15 + 0.46 24.15 
&Calf 5813 - two 13-hr lymph collections; calf 6126 - one 13-hr lymph 
collection; calf 7093 - one 13-hr lymph collection; calf 6101 - two -
13-hr collections 
y^mph was continuously collected and simultaneously reinfused at a 
rate approximately equal to the flow rate 
cMean + standard error 
dMean 
116 
Table 19. Lymph flew, lipid concentration and output, and protein 
concentration and output from hay and grain-fed calves® 
with thoracic duct c^nnulae 
Hour of col- Lymph Lipid Lipid Protein Protein 
lection^  flow^  concentration^  output^  concentration^  output^  
ml/hr g/100 ml lymph g/hr g/100 ml lymph g/hr 
1 763 + 79 0.64 + 0.12 4.88 3.89 + o
 
o
 
29.68 
2 781 + 68 
- - - -
3 920 + 81 0.51 + 0.12 4.69 3.78 + 0.38 34.78 
4 878 + 73 - -
-
-
5 950 + 84 0.45 + 0.11 4.28 3.59 + 0.41 34.11 
6 944 + 78 - - - -
7 994 + 87 0.53 + 0.16 5.27 3.59 + 0.39 35.68 
8 1021 i 114 - - -
9 977 + 93 0.51 + 0.16 4.98 3.53 ± 0.38 34.49 
10 908 + 84 
- - - -
11 861 + 85 0.51 i 0.16 4.39 3.61 + 0.36 31.10 
12 859 + 113 
- - - -
13 829 + 81 0.37 + 0.12 3.07 3.60 + 0.38 29.84 
®Calf 6089 - four 13-hr lymph collections; calf 6065 - one 13-hr 
lymph collection; calf 7109 - two 13-hr lymph collections; calf 5807 -
two 13-hr lymph collections 
y^mph was continuously collected and simultaneously relnfused at 
a rate approximately equal to the flow rate 
c 
Mean + standard error 
M^ean 
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Table 20. Lymph flew, lipid concentration and output, and protein con­
centration and output from whole milk-fed calves^ with in­
testinal duct cannulae 
Hour of col- Lymph Lipid Lipid Protein Protein 
lection^  flow^  concentration^  output^  concentration^  output^  
ml/hr g/100 ml lymph g/hr g/100 ml lymph g/hr 
1 354 + 53 3.46 + 0.73 12.25 5.08 + 0.11 17.98 
2 510 + 22 - - - -
3 • 443 + 41 2.71 + 0.44 12.01 4.87 + 0.29 21.57 
4 498 + 69 - - - -
5 475 + 57 2.17 + 0.26 10.31 4.69 + 0.28 22.27 
6 476 + 58 
- - - -
7 490 + 66 3.28 + 0.55 16.07 4.70 + 0.22 23.03 
8 446 + 52 
- - •  - -
9 428 + 45 3.72 + 0.57 15.92 4,57 + 0.18 19.56 
10 409 + 63 
- -
-
-
11 375 + 62 3.32 + 0.57 12,45 4.59 + 0.14 17.21 
12 356 + 49 
- - - -
13 328 + 52 3.33 + 0.61 10.92 3.89 + 0.17 12.76 
C^alves 6119, 1005, and 7116 - two 13-hr lymph collections on each 
calf 
L^ymph was continuously collected and simultaneously reinfused at 
a rate approximately equal to flow rate 
c 
Mean + standard error 
M^ean 
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Table 21. Lymph flow, lipid concentration and output, and protein con­
centration and output from hay and grain-fed calves® 
Hour of col- Lymph Lipid Lipid Protein Protein 
lection^  flow^  concentration^  output^  concentration^  output^  
ml/hr g/100 ml lymph g/hr g/100 ml lymph g/hr 
1 484 ± 60 1.14 ± 0.13 5.52 5.09 + 0.40 24.64 
2 575 + 53 -
3 633 ± 90 0.78 ± 0.11 4.94 5.09 + 0.55 32.22 
4 596 + 84 -
5 577 + 76 0.66 + 0.11 3.81 5.05 ± 0.56 29.14 
6 522 ± 34 -
7 522 + 18 0.62 + 0.14 3.24 4.92 + 0.51 25.68 
8 497 + 20 -
9 474 + 20 0.71 + 0.17 3.37 4.71 + 0.40 22.33 
10 410 + 49 
11 454 + 35 0.77 ± 0.12 3.50 4.86 + 0.53 21.25 
12 486+47 
13 494 + 49 0.82 + 0.13 4.05 4.52 + 0.48 22.33 
®Calf 6102 - two 13-hr lymph collections; calf 7122 - three 13-hr 
lymph collections 
''Lymph was continuously collected and simultaneously reinfused at 
a rate approximately equal to the flew rate 
M^ean ± standard error 
*^ Mean 
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Table 22. Lymph flow from whole milk-fed calves* with intestinal 
duct cannulae 
Hour of Lymph flowC 
collection^  ml/hr 
1 303 ± 39 
2 424 ± 36 
3 324 ± 26 
4 391 + 18 
5 324 ± 22 
6 338 + 29 
7 327 + 20 
8 331 + 22 
9 304 + 19 
10 303 + 23 
11 294 + 21 
12 286 + 23 
13 254 + 15 
*Calf 6035 - seven 13-hr lymph collections; calf 6120 - four 13-hr 
lymph collections; calf 7088 - two 13-hr lymph collections; calf 7116 -
two 13-hr lymph collections 
y^mph was not reinfused; two parts lactated Ringer's solution and 
one part 5% casein hydrolysate in normal saline were infused at a rate 
of 200 ml/hr 
M^ean + standard error 
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Table 23. Data for lymph flow, and lipid and protein concentration in 
the thoracic duct lymph of 5813* 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
ml/hr g/100 ml lymph g/100 ml lymph 
1 644 724 0.74 2.44 , 4.04 3.72 
2 1123 1099 -
- - -
3 1150 1141 0.74 1.85 3.40 3.25 
4 1060 1259 - - - -
5 1167 1239 1.49 1.60 3.27 3.21 
6 1139 1115 
-
- -
-
7 1002 1263 1.45 2.32 3.09 3.27 
8 980 1104 - -
-
-
9 962 882 1.30 2.60 3.19 3.54 
10 884 908 
-
-
-
-
11 870 802 1.04 2.54 3.19 3.35 
12 814 870 
- - -
-
13 814 870 1.26 2.15 3.01 3.15 
*Fed whole milk twice daily 
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Table 24. Data for lymph flow, and lipid and protein concentration in 
the thoracic duct lymph of 6126^ 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection i 
1 1 1 
1 
ml/hr 
460 
g/100 ml lymph 
1.72 
g/100 ml lymph 
4.04 
2 725 -
-
3 535 1.02 3.59 
4 640 
- -
5 650 1.53 3.61 
6 730 - -
7 800 1.57 3.55 
8 760 - -
9 715 2.27 3.97 
10 665 - -
11 635 2.47 4.08 
12 495 - -
13 520 1.28 4.00 
*Fed whole milk twice daily 
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Table 25. Data for lymph flow, and lipid and protein concentration in 
the thoracic duct lymph of 7093* 
Hour of 
collection 
Lymph flow 
collection 
Lipid concentration 
collection 
Protein concentration 
collection 
1 1 1 
ml/hr g/100 ml lymph g/100 ml lymph 
1 475 1.19 4.62 
2 447 
- -
3 560 0.94 4.38 
4 555 
- -
5 510 1.51 4.11 
6 580 
- -
7 510 1.18 4.11 
8 540 
-
-
9 455 1.43 3.96 
10 500 -
-
11 435 2.28 3.74 
12 / 470 - -
13 440 1.11 3.73 
14 545 -
-
15 465 2.36 3.88 
16 500 - -
17 460 1.20 4.08 
18 490 
- -
19 495 1.57 4.16 
20 355 -
-
21 445 1.12 4.18 
22 340 
- -
23 285 1.05 4.40 
24 310 - -
25 330 1.42 4.48 
*Fed whole milk twice daily 
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Table 26. Data for lymph flow, and lipid and protein concentration in 
the thoracic duct lymph of 6101® 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
1 2 1 2 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 530 479 2.17 2.17 4.61 4.70 
2 400 545 - - - -
3 490 510 1.87 1.35 4.87 5.12 
4 585 600 
- - -
-
5 605 635 0.53 0.74 5.18 4.44 
6 560 580 
- - -
-
7 425 615 0.27 0.97 4.56 4.77 
8 480 580 -
-
-
-
9 485 585 0.26 0.91 5.05 4.34 
10 465 570 
- -
-
-
11 440 595 0.22 0.80 4.62 4.31 
12 430 515 -
-
-
-
13 380 470 1.86 1.20 5.78 5.21 
14 625 - - - - -
15 645 
-
1.31 - 4.50 -
16 600 
- - - - -
17 550 
-
1.23 
- 5.00 -
18 640 
- - - - -
19 520 
- 0.88 - 4.30 
-
20 365 -
- -
- -
21 410 
-
0.85 
- 4.73 
-
22 385 
- - - -
-
23 395 - 0.99 - 4.25 -
24 435 
- -
- - -
25 430 
-
0.76 
-
4.28 
-
*Fed whole milk twice daily 
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Table 27. Data for lymph flow, and lipid and protein concentration in 
the thoracic duct lymph of 6089* 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
1 2 3 4 1 2 3 4 1 2 3 4 
ml/hr g/100 ml lymph g/100 ml lymph 
1 620 855 1215 1090 0.58 0.37 0.41 - 4.76 4.68 — 2 • 41 
2 675 995 1080 1030 -
- -
- - - -
3 770 970 1195 1095 0.44 0.37 0.26 - 4.50 4.17 3. 18 
4 890 885 1165 960 
-
- - - -
-
5 855 1018 1140 1035 0.43 0.35 0.32 - 4.34 4.28 - 2. 64 
6 790 1095 1235 1275 
-
- - -
- -
7 950 1125 1290 1240 0.44 0.35 0.31 - 4.28 4.31 2. 60 
8 860 1120 1455 1325 - - - - - - -
9 830 1060 1170 1265 0.47 0.33 0.25 - 4.25 4.20 3. 72 
10 1135 1000 885 865 
- - - - - -
11 715 1095 750 865 0.46 0.30 0.38 - 4.45 4.00 - 3. 67 
12 715 1095 760 700 -
- - -
-
-
13 760 1000 625 750 0.55 0.33 0.25 - 4.11 3.77 - 3. 60 
14 700 1095 615 - - - -
-
- -
15 710 1065 600 
- 0.58 0.29 0.26 - 3.95 3.72 -
16 655 1115 1270 -
- - - -
-
-
17 705 1270 710 - 0.51 0.30 0.24 - 4.16 3.95 
-
18 535 1285 790 - - -
- -
- -
19 545 1225 740 - 0.34 0.30 0.24 - 4.33 3.90 -
20 545 1155 640 - - -
-
— — 
- -
21 505 1230 595 - 0.40 0.29 0.25 - 5.13 4.87 
-
22 505 1195 555 - -
-
- - - -
23 465 1140 505 
- 0.23 0.24 0.22 - 5.33 4.73 -
24 520 925 600 
- - - - - - -
25 630 890 780 0.24 0.37 0.25 - 5.31 4.80 
®Fed hay and grain ad libitum 
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Table 28. Data for lymph flew, and lipid and protein concentration in 
the thoracic duct lymph of 6065* 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
11 1 
ml/hr g/100 ml lymph g/100 ml lymph 
1 510 0.75 5.30 
2 550 
3 955 0.26 5.58 
4 840 
5 910 0.13 5.32 
6 795 -
7 685 0.14 5.55 
8 610 
9 640 0.10 5.19 
10 580 
11 635 0.09 5.01 
12 525 
13 680 0.18 5.31 
®Fed hay and grain ad libitum 
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Table 29. Data for lymph flow, and lipid and protein concentration in 
the thoracic duct lymph of 7109* 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
1 2 1 2 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 635 870 0.34 0.42 3.10 2.38 
2 620 930 
-
- -
-
3 700 1345 0.38 0.27 2.89 2.18 
4 700 1270 - -
- -
5 820 1515 0.28 0.21 2.96 1.62 
6 750 1239 - - -
-
7 915 1443 0.33 0.15 2.92 2.11 
8 975 1630 
-
-
- -
9 1040 1550 0.35 0.16 2.41 1.82 
10 875 1525 -
-
- -
11 825 1535 0.34 0.13 3.08 1.64 
12 825 1770 - - -
-
13 740 1500 0.34 0.08 3.18 1.44 
14 860 - - - - -
15 840 - 0.30 - 3.05 
-
16 840 
-
-
-
-
-
17 780 - 0.41 
- 3.25 -
18 1025 
- -
- - -
19 855 
- 0.35 
- 3.13 -
20 855 
- • - - - -
21 860 
-
0.29 - 2.84 -
22 1195 
- - - - -
23 910 
- 0.34 - 2.84 -
24 885 
- -
- - -
25 950 0.26 2.60 
*Fed hay and grain ad libitum 
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Table 30, Data for lymph flew, and lipid and protein concentration in 
the thoracic duct lymph of 5807& 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
1 2 • 1 2 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 764 645 1.12 1.13 3.98 4.39 
2 772 688 - - — — 
3 854 862 1.14 0.97 3.51 4.24 
4 902 706 - -
-
5 984 824 1.00 0.89 3.51 4.05 
6 908 772 - - — -
7 807 916 1.11 1.38 3.20 3.76 
8 871 832 
- -
-
9 804 718 0.99 1.44 3.05 3.58 
10 779 760 
- -
-
11 775 762 0.97 1.37 3.33 3.70 
12 810 847 -
-
13 800 821 1.00 1.10 3.53 3.72 
^Fed hay and grain ad libitum 
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Table 31. Data for lymph flow, and lipid and protein concentration in 
the intestinal duct lymph of 6119* 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
1 —5 1 2 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 600 355 1.04 4.28 4.20 4.22 
2 540 470 - - - -
3 590 350 1.32 4.23 4.49 4.30 
4 760 435 -
-
-
-
5 585 315 1.69 3.03 4.09 4.62 
6 680 405 
- • - -
-
7 730 460 1.59 3.00 4.07 4.09 
8 600 325 - -
-
9 580 360 2.10 5.25 4.26 3.82 
10 460 320 
-
- -
-
11 530 310 1.93 4.25 4.34 3.94 
12 525 345 -
-
- -
13 540 300 2.18 4.67 4.41 3.95 
®Fed whole milk twice daily 
129 
Table 32. Data for lymph flow, and lipid and protein concentration in 
the intestinal duct lymph of 1005® 
Hour of 
collection 
Lymph flow 
collection 
Lipid concentration 
collection 
Protein concentration 
collection 
1 2 1 2 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 305 275 3.84 1.66 4.68 3.96 
2 570 515 
- -
-
-
3 425 445 1.90 2.34 5.03 3.07 
4 540 545 -
- - -
5 625 590 1.59 2.36 4.71 2.95 
6 590 490 
- - -
-
7 630 440 2.55 3.36 4.84 3.09 
8 610 405 -
-
-
-
9 545 415 3.26 2.80 4.30 3.14 
10 700 355 - - - -
11 . 605. 275 2.59 1.79 4.05 3.41 
12 475 310 
- -
-
-
13 415 270 1.96 1.86 4.28 3.53 
®Fed whole milk twice daily 
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Table 33. Data for lymph flow, and lipid and protein concentration in 
the intestinal duct lymph of 7116® 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
1 2 1 2 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 230 360 4.16 5.78 4.32 4.01 
2 425 540 - -
- -
3 330 520 2.86 3.53 4.04 3.44 
4 280 365 - - - -
5 370 365 1.57 2.78 3.74 3.36 
6 285 405 
- - - -
7 285 395 3.50 5.65 4.05 3.32 
8 340 395 - - - -
9 335 330 3.27 5.63 3.88 3.46 
10 315 305 -
- - -
11 250 280 4.20 5.13 3.62 3.59 
12 225 255 
- -
- -
13 195 250 4.57 4.85 3.80 3.36 
^Fed whole milk twice daily 
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Table 34. Data for lymph flow, and lipid and protein concentration in 
the intestinal duct lymph of 6102^ 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
12 12 1 2 
ml/hr g/100 ml lymph g/100 ml lymph 
1 660 438 1.44 1.37 5.91 5.43 
2 680 703 -
-
-
-
3 782 912 0.73 0.49 6.71 5.36 
4 770 828 
-
- - -
5 665 818 0.53 0.41 6.51 5.75 
6 560 585 
-
- -
-
7 529 509 0.43 0.33 6.53 5.35 
8 462 505 - - -
-
9 504 470 0.46 0.35 5.31 5.40 
10 528 356 
-
-
-
-
11 552 338 0.75 0.38 6.38 5.55 
12 558 331 - - - -
13 558 331 1.03 0.35 5.50 5.76 
^Fed hay and grain ad libitum 
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Table 35. Data for lymph flow, and lipid and protein concentration in 
the intestinal duct lymph of 7122^ 
Hour of Lymph flow Lipid concentration Protein concentration 
collection collection collection collection 
12 3 Ï 5 3 12 3 
ml/hr g/100 ml lymph g/100 ml lymph 
1 585 350 385 0.85 0.85 1.18 4.33 5.80 3.96 
2 520 555 415 - - - - - -
3 504 500 465 0.96 0.53 1.14 4.01 6.28 3.62 
4 500 430 450 
-
-
-
- - -
5 555 425 420 0.77 0.55 1.05 4.04 5.51 3.46 
6 585 445 435 -
- - -
-
-
7 545 565 460 0.84 0.40 1.01 3.90 5.04 3.77 
8 545 535 440 - - - -
- -
9 530 420 445 0.91 0.55 1.27 3.98 5.35 3.53 
10 490 255 420 
- - -
-
- -
11 475 475 430 0.97 0.69 1.06 4.08 4.94 3.36 
12 605 450 485 
-
- -
-
-
-
13 610 440 530 0.87 0.82 1.05 3.59 4.33 3.43 
^Fed hay and grain ad libitum 
Table 36. Data for lymph flow from the intestinal duct of calves 6035, 7116, 7088, and 6120® 
Hour of Lymph flow 
collection^  (ml/hr) 
Calf 6035 Calf 7116 Calf 6120 Calf 7088 
1 2 3 4 5 6 7 1 2 1 2 3 4 1 2 3 
1 308 408 300 416 428 400 772 188 188 192 284 164 200 184 208 200 
2 462 570 457 580 501 541 570 702 337 256 444 255 260 274 296 275 
3 364 525 355 432 355 434 351 318 411 118 345 237 251 196 269 226 
4 356 386 330 339 387 446 430 323 300 223 325 234 246 242 313 216 
5 359 302 291 396 427 415 446 297 412 244 331 178 252 250 393 185 
6 301 342 333 487 402 426 548 218 537 231 306 192 266 304 367 154 
7 293 402 315 503 413 368 405 240 363 234 276 197 296 297 385 256 
8 313 363 317 454 350 431 525 211 335 194 310 221 296 294 362 315 
9 315 297 353 397 349 37 0 382 197 270 195 374 145 271 288 382 282 
10 300 319 405 373 396 405 446 156 197 191 286 175 231 304 345 322 
11 295 316 404 373 344 397 437 180 166 204 275 175 243 306 318 270 
12 291 277 358 359 425 358 466 146 174 192 244 197 223 270 331 264 
13 286 294 315 305 285 327 247 163 162 183 223 182 217 244 344 291 
®Fed whole milk twice daily 
L^ymph was not reinfused; two parts lactated Ringer solution and one part 5% casein hydrolysate 
in saline were infused at a rate of 200 ml/hr 
